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PART I 


MtefiUll/ 

_ *Trh o]^ief materiils ntel in theoonatrnotinn of bailiUngafOnlvorta 
any roada are brioka, tilea, aurki, atone, limo, oem^irt, mortar, plaater, 
oonorete, reinfuroeU ooiioi^o* metaia anil alloys, tiinborf paint an^l 
vuraiabyfflae, putty,*eaal tar, asphalt and eartheuware pipes. 


CHAPTSII I. 

BHoIcb, Tll«a «n<l Stonas. 

• • 

Atcn^brioka are made of pre)>ared clay foAnad in a mould of 
suitable shape and aise, and then burnt at a aiiilicienl lir high tempera* 
ture to drive off the luoisture and to harden the iuside withoijJ^ 
vitrifying the outside. Hricks wbioh are merely dried in the sun 
instead of being burnt are called bricks. The qaality of a' 

brick depends on the compositiou of the otuy from which it is made, 
and the way In Which it is moulded anihbnriit. 

■riek airth.— It is beyond the province of these notes to go into 
the ohoiiiistry of the subject, lu fact the chemical analysis of 
a clay gives very little information as to its suitability for brick 
making. 

The best teat ia that of actually trying the clay l>y making a fuw 
bricks witb it. 

WaatiNrillgitanptrillg and ipouldillg.— Before moulding, the clay 
ia prepared by dicing it into heapn and allowing thoae to " weather 
fpr a fortnight. (In llongal, Ootolwr is the best month to Jo this.) 
The clay ia then “tempered'* by being cut, mixed with.water, and 
troudeii upon until^t becomes soft, covered with mats an«l allowed to 
dry till of the right cousiateiicy for moulding. 

The tempering is improved by cutting and mixing thoroughly in 
a pug mill. A sketch of one snitable fur working by two pairs of 
hnllookH ia^own in Plate 1. , ^ 

The clay is pat in at the top, ami water added as required to 
moisten it, the mill being kept constantly at w^k. The six top 
knives are 4ineheewi(le and are bolted into the spindle nt an angle of 
46^, baviog teet(let Intoethem ; the blades of the teeth are 4 inches 
long. . The teeth are fastened to the knives It unequal intervals. 
The seventh (bottom) knife has no teeth, is 6 inches wide, and is fixed 
to the Bjjndie at an angle of T&e miu is sunk two feet into the 
ground to allow the clay toabe oouveuientlyelhrown in from above 
and to avoid havijig braised track for the ffhllooks. There is an 
opening at the side and near the boUom ef the mill from which the 
preMTed clay ooses onU A ramp moat be made down to this opening' 
to allow of clay being carried away to the mouldera. ^ 

The opening at the bottom of tbe mill is o»4y stoppeuwhen the 
Olay is dint put in aii<l un(il the latter is snCciently prepared forlhe 
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moolderB; when the ia withdrawn and not again replaoed 

while the mill remains in ooMtant dail^ oae. , 

monlcltfor ahaplng the brioks shonld be made 
from one-twelfth to one-twenSietb larcer than the aise of brick to 
^be made, to allow /on the shrinkagt ooring baming,* The monld 
shonld be made of Ihoronghly aeason#l*bard wood. The sides and 
edges, which wear ^ery 
fa^ shonld be pfoteotrd 
Mth braSi^latuB. Moulds 
are also made of wronght 
iron. TTbese am cheaper, 
sel^mnoed repairs, and 
hage the farther advant¬ 
age of turning ont bricks 
of more uniform aise. 

The dimenBiouH of the 
m*ooId shown in the 
sketch (figure 2) are suit¬ 
able fur standard bricks 
used bj the Public Works 
Department, Bengal 

(9**x4i‘x2i|‘). 

The moulder daslicH the clay forcibly into the monld, pressing it 
carefnlly so as to completely till the mould. * 

' The supertlnous clay Is removed by the ** atriko*'(a straight edge 
of metal) which is passiKl along the top of the mould snd pressed 
well down on its edges. The mooldur now places a thin pallet board 
(12*x6*xlD on the top of the mould, leaving iho brick on the 
pallet bour<l. Another luhonrer then lifts the hriek by piaoing 
another pallet Loant on the hriek snd carries it thus to the drying 
gronnd. • • 

The hiitcha bricks are dried in rows on raised ground, which 
should bo Hiiiidod. The ^Ucks are best rnrined l>y having the breadth 
equjtl to two bricjps laid longitudinal witii intervals hatweeii the 
bricks, the alternate tiers being alottg and acrona the stack, all on edge. 

lunill^—In India both kiln and damps are qsed in burning 
bridrs. , 

The knowledge obtained by reading deecriptions of clamps and 
kilns is not to be compared with that ol)taiifed%B a resnlt of visits 
lotbeactnal damps and kilns, while theso are nnder constmotion, 
and later in working order. The Intel ligont nse of your eyes, 
tongne, and note book cannot be over empb^ised, and every 
opportunity shoufd be taken of noting all details of engineering 
works that may come under your olwervation. • 

After spoh a visit you will hav^loirift that the clamp method 
is slow and the percentage of first-class bricks ^nrned out is smell, but 
that in a Ball’s trench kiln, with 20 chambers, 4 lakhs of bricks are 
tnraed ont per monUh, with an average monthly oonsnmption of 2,500 
mannds of ooai dnst. Sixty-six per cent of the cuxttnrn will be flrst- 
olaes bricks. , * . 

ttVMtirilflOt sf B good bHck.—A first-class brick Aonld be 
free fram eraeks, flaws, stones or lomps «f any kind, regnlar Bi 
shape; and uniform in sise. Arrian (edges) shonld be equarl, 
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straight and well defined; snrfaoeB even, bnt^not too smooth or 
the mortar will not adhere Ho'them. 'The propoitlon of water 
al^rbed shoald^be a^oat one-eighth of the weight of the brick, ’nie 
briek should give ont a ringing ao'un^ tirhen struok. The surface 
sbonld not be easily scored b{v a knife even in^the centre, and the 
finger nail should moke no imprMiou or scratch at all. 

Specific gravity about 1*8.' Weight of a standard brick used in 
Bengal (9|*x4)*x3i')aB7'6 Ibi. Average orufpxiug load, 60 toips 
per squafe foot. « ^ 

i'i the name given to ^i^nded brick, the properties 
.of which will be considered when triwt/ng of ^ortar, but H is in 
the immeiUate neighbourhood df the brick kiln that its manufaolOTy 
should be located, beoausa t^p broken bricks as they come from &e 
kiln, instead of being carried to the works, which th^ often .wasle- 
fnlly are, or ottierwife lost sight of, can bo made into surki and 
placed under sheds to reoeive it. ' Ploe<ia of liriok, of which there are 
always plenty, Aould be used np’into »vrki and the (reshly buriA 
clay Is eaider to crush. 

A pair of crashing atones attached to each set of kilns will 
alwa;^ keep ujf the nocesaai'y supply and will he an eeonomieal 
stvrangement. The stoues should Ite 5 feet in diamoter and 13' to 
^5* thick. ^It-driven nurki mitle snttablu for grinding surki on 
a large scalh, say 500 oul)io feet per day of 9 hours, are economical 
in the long run. , 

flfig^rffi]f.~Ftre-clay is any clay capable of standing a high 
'temperature without molting or becoming soft. Hnoh clays are said 
to be refraotory.” 

Fin brioks are made from this clay by processes similar to those 
adopted in making ordinary iiricks. 

The clay Is dag, weathered, temperod, ground under rollers, 
passed through riddles to remove lumps, pugged, mnalded, burnt in 
kilns at a slowly increasing, but to' a very high, temperAiire, and 
then allowed to cool gradasliy. 

They are used for setting ovens, lining furnaces, firo placeti, etc. * 

Tllgg,—(Common tiles are made of the some m&terial as orUinswy 
bricks but greater care in selecting and preparing the clay is neces¬ 
sary and the drying and burning mnri be very gradual. 

Pavfllb tiln shaped as squares, bexagonli, etc., vary in size 
6* X 6* to 12* X13* andMa^ about 1* thick. 

lUnflm tiitt Are of several kinda— Piain fifos are flat and 
either rectangular, or of various pstterns (4fM plates 3 and 4). 

Ain Hies are nmulded flat and aftemvards b^t to the form 
shown in plate 3. * 

Oorruffaiod tiles are slgiilar ^o pan tiles, but each tile has three 
or tour oortngatious. • 

JHanffolore tiles nag&nfactured by thh Basel Hiasion, are made 
of the best Hfdabar olay, well dried and thorongMy burnt in patent 
Leilas. Making aHow%noe for laps, about 150 tiles are required tor 
each 100 square feet for roofing ; 1,000 tiles wffigh about tons and 
250 tiles &ke a cart load. Theie tiles weigh aboot 5| m. dry a»d 
6^ lbs. when soaked. Excellent tilea nf «arinn« natiama SM 
at liauigunge potteries, ^late 4). 
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A»halo» cemenl tiles are lurRnly imported for rooting ami 
other pQriK>fl<». Different Ainnnfactnaera have difTorent names for 
their produotfl, o.g., “ Khimil '* “ i*itUite **, ole, iTheBe^ tiles are tongh 
and comparativoij light (aAonl 2S llte. per squara yard as compared 
with 14(1 Ills, per gqnaro yard for ^nastie' tiles). They can be 
‘ supplied in terni-TsoUA, grey or blue ^l^urs. Tluiy’ufe cheaply and 
easily fixed : S5 are riKjuirud f<ir 1X0 H-piarn feet of plain roof. The 
st|nd!mi stsos ai^ slfowti in plate 4 ; tlio lUickneBB ia 

MtaoeltMi^ows ciay Wnii^a* 

• 

p|p 0 S,—PiiK>H ifro made from obey, very finely ground, washed, 
si^od, teittpureil, pugged, ami fnrceil liy niaclunery tlirongh u 
iimulil, dried and bilked in a kiln. * 

Thuy are made of viirioiiK Beciioiis but tlio eirciiliy are the most 
coniDioti. They are generally 2 foot long iif*iiifi‘rnal diiimoters vary¬ 
ing from 2 to 12 inehos. ^he iMckm^ varies with Ihe diameter 
and the olaes of ware, i.e., whether for etonewaro, fire-clsiy.^tc. 

'J'he ifnial lest 1 hick HUMS iH-iiig 

The thiokiiLvH of 12* Hfconewan- pipers ie 1}". 

„ „ of 1 . 2 ' fir«i-cljiy „ 1 

„ „ of 12 other clay „ I*. 

Rewer pipes should be vitreous llironghoiit, liaril, hiiperviouH to 
water, unifui'm in tUiukiK'Ss, glam'd inftde, and onlside fluwleHM imd 
ring clearly when eti-uck. 

SiK'kel pipsH if roqoirml to curry sewage, shouM have tliu 
locket in (ho rtHuio piuoe willi the pi|»v and notfonm d separatoly. 
The market Nissi'. id' socket pip<« i-nry frojn 2' to 20 ' diameter hiuI 
length 'A'. There nr<i many (•.atenis for ensuring a ciose.Joint 
iKitweeii pipos, ^laudrord’e x>alniil consists of eiwling rings of a 
mixiiirti of coal tar.sulidinr and ground pi)ieH upon the spigot and 
ill the socket of enuh pipe. ^Vh^ll the pi|H's am placed together they 
Jit HO os to form a watertight joint without the adilitioii of ociiicnt. 

are curved lenglhs of pipe, the oentrn li^H foriuhig 
piTiliuiis of a cirffle of varying nulii. The diameter in the bore of 
tbe liend varies from 2 ‘ to IS". 

Tmier Pipes are r«juir<!d to join two pijws of diireront diaineler. 

jHBCtiMt arc usimlly 2' in length and are i-eqnired when one 
pipe enters the side of another. ^ 

Stone. 

.\H there ars practicsflly no hnihling stoii^ available in liongai 
it is not pro)iosud to iiiahe more than a passing reference to Ihia 
moteriul; tlioHe noU'S having liecuapmpgn'd for Uiirvey (ilassos in 
Bengal only. 

Charastolisties.—Tlio Sliirf charactflrist*<« of atone are 

Durability, fa^lity for. working, hardness, strength, appearance 
natural bed. • • ' 

DUPPMIIty depends upon tbe chemical ooinposilioi^* physical 

structure, and tbe position in which the stoiA is plac^_a stom 

which* weathers well Iq pure wir may rapiilly destroyed by^h* 
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atmosphere of a manataetariog town. The only tiJe beet of the 
darahilUy of a stone nndei;. given eoaditionl is iU aotoal exposnre 
for many years nnrter soeh eonditione. Something may be learnt 
by examining (he exposed wall of'the qharry wKich has not been 
distnrbod for somo y^ars, o^ by exaimning an old bnilding in which 
the stone haS’been need. * 

FMinty of weriilii^—Thl^ mason ahonlii he able to oonverb the 
stone into tho 8ha)>ee reqaired with ns IttUe diifipalty as possiblox A 
Boftstoile of oven grain siionld be seleoted tor carved worir ; a h%]rd 
stone woald be aiAlablo for economical rqbble noasonry. 

' Hftfimtt is essential when the stono is to bf^ sabjected to much 
friction as in paveftients, or when reqoired for qaoins (corner stqne). 
Hardness is also naseiitial for road metalling. ' 

StfM^thi—So long as stone is nsmi in the ordinary way, t.e., 
aohjeeteil to aompreaL.iuii only, its strength neeii only be oonsiderod 
in oases of exceptionally great or.varying pressare over a small area, 
ooltimuH oarrying groat weighty Coi^arches, for onginn beds and 
the like.'' The streiir'th of an ordinary imiiding stoiio is far more 
than antneient in all ordin iry casus. 

AppMTAflM.—Tlie olioice of stone for the sake of appearanco is 
'dflen ImporUiit in the case of external work in important and 
ooiispioatius Imildiiigs, tlieso stones should be free from flaws, clay 
hole^ spots of colour, etc. Tliey aboold be nuiform in colour ami 
Htrnoture. 

Natural lad. ~The natural Ix^l is thut surface on which the 
material was originally deposited in the qtmrry. All stone* which 
have a lainitmt<*d (layers) atroulnro ahoiild be placed in the wails 
of a building on the " ualuritl IkhI.” In cornices with nndrront 
nioiildloga the lamiuiu shonld lie placed vertically. In arcbee 
the laminie should he plaOtid poralloi to tho centre line of the 
vouBSoin, and ut rigitt angles to tbo face of the urcb. 

daulflaatloaa.—The Engineer usimlly nlassiflss'^ building 
stones as follows 

(1) Ur^tnitea. (2) Blates. (3) Sandstones. (4) Limestone. 

8nuilt0 ia used for piers, docks, breakwaters, road luotul nnd 
in all plttoes where weight and durability are required. It is nut 
suitable f<»r fine curving. It takes a fiao polish and is therefore 
anilable for.snoh ornaiiientai work as polished columns and plinths 
of memorial statnes^ e|c. Excelleut granite is obtainable in the 
Nizam's Uotniuiops, Gusarat, and llie Houtheru Mahratta Country. 
Basalt is fonml at Kuria and Salri in the Bombay Prnsidency. 

ttau is use>l for rooQng anti pavemet^ts. Good slate should not 
Hlsiorb water and ^ould have a very fine grain. Those obtainable 
in Sonlhern India are rauslly coarso and soft. Har<t black slate is 
found at Kurnool. * ' 

Slate is also obtaineble in Rajpotaqa, Kungra Valley, Ohamba 
and near Delhi, * ' ^ 

StIlIttOMS ave grains of sand cemented together into a solid 
rock, and are formed l>y deposit in layers of 'varying thickness and 
have a di^inot bed plane. Tho thickness of tlie buds varies from a 
few inches to over ISO feet. The oolonr of sandstone is very variable 
yellow, brown, red, blue, grey. Gyitstone U valnable^ for 
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heavy engint>ering wQrke ; flag^ne (or pavemenlo. Many varie¬ 
ties of sandatono are obtained in (iCralior, l^Iiri sandstone is 
suitable for paving. Bamor^nda^ne fur bciilding pnrposea general¬ 
ly ; also obtainable at Mivza)K>re, Agra,. Orissa, Delhi and 
Trichini)|ioly. 

LllMttOnt>— i^bines which vonaistsAifhtuly of carbonate of liiii<! 
are called liiiiestoiius. There is ho^wover a very groat variety 
in llic members* of the class duo to the great diflorgnee in 
chemical cbmpusiliou, hardness, wealbering |iro|H*i^ioH and texture. 
For example, marble, chalk wid I’octluixl uloito each iM«mists of 
nearly pure oarlKniste of lime, but l(^eir wcatliuriiig ijualitles arS 
verjgdlssimilar. 

^onse, ufiform, liomogeneonH stonaH with fine grains of a 
crystalliwe texture are the Iwst for weatlioriug. 

Marble takes a high pelieii and isjised in building^ for cUimuey 
pieces, columns, and other places wl^ie a decorative elfect is Uoeired. 
Marble is found at Madur.a. Nellorv, J\-yiK>te, etc. (Jeypore marble is 
uesd in the Victoria Memorial, Calciiiia.) 
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I ^ 

Llm«, e«m«nt| Igiaptart Oonoi^tCi PlastaK Asphalt*. 

<■ 

Lime aud oement are moat important materiala need in engiueer* 
ing worlia. Lime ia obtained by (he oatciiiatioii nriimestuuea and is 
used in eugiueering 'worka (l)aa a matrix for ooucreto, ( 2 )'in prepare 
ing morlarraud ( 3 ) ks a oeinuotiug ma*ei(^al in plaatvr. 

lu India (he ohicf limuHtuaea from which IJme ia ubiuiiied are 
oalcarooua **tufu'*, liinoatoiiu Ix.uldera ami kaukar, obtainable in 
large quautiUea in the dUt^iota boeilering tbo hilla on the Gangctic 
plnina. Catfiitiaiiun meaiie heating to ruducaa in air. 

18 ihe'ituie obtain'^ immediately after oaloinuiiou. 

Slaking U the oheniioal oombKiation^f ijuiekUnte with water. 

SlakM lima la the roault of alaking. 

Settlag U the hardening of lime. * 

Hydrattlldty is tiiat properly of a paste or mortar containing 
lime liy which it sets more nr less or rapidly under water. The pro* 
perlies of <H lime or oement duireiid very much upon Ihe uonstitueut 
of the limestone from which Utoy aro |>ro)mre>l. These properties 
lead to the following olasaifiraium : — 


(d) Pare or rich or fat lirues. 

(A) Poor Uuo. 

/ Peebly 

(c) llydruuiic limes ... < Moderately 

1 JfiiuiueiiUy 

id) (kineutfl ... I Artioidal. 


llydrantie. 
>1 
• » 


PllfO Uiaas are tliose which eoutuin not more Uistii (i pur cent, 
of impurities iusoliible in avids. They are childly used fur plaslorieg 
and white(,ashiiig. They may be used fur luor.ur when mixed v/ith 
Biiiki, but only when liydruulic lime is niioniuiaable. They are 
obtained from white chalk, marble, liiu««tou<' and rhulis. 

Poor LimOt contain from 15 to 30 pur oeut. of iuipurities insol¬ 
uble in acids. Thc^ take longer loeluko but do not increase in bulk 
to snub an oxb'Ut nsfluro limes. A smaller proiHirtiun of sand is 
required when j^eparing mortar becausu of the impurities they al¬ 
ready uoiitain. Mortar made from poor lime is however lessocouomi- 
cal than that from,fut liiuo uud rotjuires.* moru tjvublusome mani¬ 
pulation. It sboul^lherufure only be used when no better can be 
had. •’ 

Hydnuillc LimOt contain such suitstsnoes as silica and aiaiaina 
besides iitno. When the stone is burnt these two substanoes combine 
to form oaioiuin siliSatu and caioimn aliiminutq. The proportions 
of these Bubstuucus pruseut in the lime give the measure of the by- 
draniicity, and render the lime ludepeudeut of oxtornal agents 
for theia^Bottiog properties. « , 

FmMjp liyiirMllA linat contain 6 to 16 per cent, of these nseful* 
si^stances. ' 
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Mtratilir hydniifto HiHM oontaio 16 to 86 per cent, and 

EmlllMtfy hydniHlle IlmM 26 to 36^>er cent., 

Uydraniio lim^ are tht^ most^nitable for engineering work. 

Tke matrix for concrete shaald only oonsist of such limes. 

in India all “ Imi^r " limes are mifro or lea hydraulic. All lime 
that baa been damaged by rain, moisti^ireMr dirt uhonld be rejected, 

OmMltt are .distiugnishod from limes by not elukiug when 
mixed wi^ water after ealeiiiatton. They are calcareous sAbstauces 
and are similar in many ^suects to the best Jiydraiilio limes but 
poBSusa fur hW'Aane properties. Tl’iey are dividftd into Ivo^ 

classes, natural am^nrlijieial. • 

«^Stliral 4MIIIBIltt uro (hose uytaiiied Ibu ouloinuliun of stones 
cohtait^ing from 8U to lU per cent, of clay, the other eoustitnent uF 
the stone being oarbomite of lime, either alone, nr mixed with carbo¬ 
nate of magnesia. Calcined cement elones are out little effeclvd by 
water, bat when ground to 4 Kiwdef and welted they produce a paste 
which sets nuder water In from 5 minutes U) 5 hours aml.harden 
within a^oar so as to have the strength, whiifh varies in diCFurent 
speeimons from that of soft brick to that of strong Stone. This set¬ 
ting and hardening takes place without any appreciable proliiuiiiary 
slaking action. Bo called roman oeuiiml"iB the best known. It 
siionld be mixed in small quantities and used immotliatidy. It sets 
iu about 15 mluutoH. It is vnlauble for temporarily pointing wotk 
which has to be dune betweeu titles, and for all pnrj^oses where quick 
setting is essential. It is about oue-Udrd the strength of Fortiuud* 
oemeut (to be dcscribetl later) uiid is almost entirely supplanted by 
the latter for all eiiglnderiug works. 

Artlfloltl oeamtS.—most valuable of all comenls is that 
known as Purtland cvMHt, so calleil from its reeomblanctf to i’orl- 
lund stune. It is not prexiusod to describe lliu tests to which PoMiund 
cement should be subjected. The uUention of the sliidunt is drawn 
t(* the speSiQcatiuii of Portland oAniuut irtsuod by Ihu Drilisli Engiiiuer- 
ing Btandard Coinmittoc. This standard specilivulion is now gvue- 
T'ully adopteil. Bouior students should curry out the (osls us dosoribud 
bjp that Oominittw during their course. Only axiprovad brauds 
should therefore be used. It shoubl Iw fresh, unuekwl, grey or 
greoiiiHh grey iu colour, 8|mal6o gravity nut lose than iVlU wlioii 
lielivored to the cuusumer, be sufficiently fine to puss through a siove 
76x76, •^i77ii meshes per sixuaro-inch oud Juave^ut more tiiuu <i per 
cent., iu the sieve, liear a (ensile Hlross of^OtTIlM. pur squui'e iiiuli 
after being mixod with water and kept moist f^r 18 hours, thcru- 
after being kept noder water fur seven days. It should not crack or 
tarn yollow w^ilc setting. The strength of gpod Vurtlund cement 
inoreuses with age up to a cortuia time. * 

■Mnilnf. SlftkiRg, Mixing Set^la^-^^our disriuct procostes are 
gone through from the time limestoDU is quarried to the time when 
the time sets in the work, • These arc buenhig, slaking, mixing aud 
■etttng. , 

luralnl.—Limestone may be barned in a^clanip or kilu just us 
with bricks. The oluilixis or kilns tnuy bo worked on the ooutinuom 
or the inteftnitlent oystom. In tho oontinuous system ^u lime U 
:gndaally removed from the bottom of the kiln*uud fro.Hh lime ami 
- fuel RUded on top. This is ocouomioul, Cut the lime Is uueqtfall) 
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bvnt The Intenolttent eTitem ooueliti in flrii),g biid burhittf ft'klln 
Wl of limeetone «e^ time, and thehoiat lime nmOTed.etter the 
kiln has oooled., A more eveulj borat lime reealta. The opemtioa 
is repeated. EsoL eperatioa takes ntob da;^. A good type of 
kiln for oontinaoue working is that need in^ the Military Works 
Bervicee, A plan and eeotlQU ^ia kiven in Plate 5.' This la oalled a 
kiln becaoae there is an enoionng wail, bat the method of burnisg 
ia really that of a olamp. ' • 

—When water iaaprinbled on freshly horned lime, oal-’ 
cioin hydrate U formed* whtoh has tKe ^operly of oombinii^ with 
'osrboii dioxide to,form aryatala of calcium oarhonate. It is the 
formation of these oryalals whieh glre strength to the mortar, ^is 
chemical combinstion la aoeompKineti by a hiaalng crackling son^, 
slight explosiouB and the evolotion ot heat aud steam. The volome 
of the lime inireasec to twice or.,thres times its original balk. This 
process is oalled slaking. The (reshly slaked lime ia solnbie. If 
therefore more water be added Mme of tXis slaked lime is dissoJred 
and a sathrated sulnti/in formed. If qnicklime ia exposed to the air, 
it will ooinbine with carbon dioxide (which always exists in the 
atmosphere) to lorm calcium carbonate, but under such conditions 
the ealoium carbonate is not oryatatline. This process is called air 
slaking. '* If a pasus is made from slaked lime and placed in water 
it will diAiolvo slowly, and if the water is constantly changed, 
entirely disappear. If the paate is allowed to remain in air (not 
under water) the aorfaco o^ the paste oomhlnea with the carbon 
'dioxide of the atmoaphoro and thus roconveHa the snrfaee of the 
paste into oaldum carbonate to a depth ot less than half an inch. 
The interior of Iheeample romalna pulpy and undergoes no change. 
It is important that every particle of qnlckhine sboold be (borongbly 
slaked wfore prepariog mortar, otherwise the uiislakeU portions will 
exinnd after the luoriur ia placed in the work and Ibis expansion 
will distarb the work. Baud or aurki is mixed with lime to make 
mortar for these reaeuns 

(a) To counteract the excessive shriukuge when mortar is mads 
^ith pure lime. ^ 

' (h) To form channels through which the neooasary carbon 
dioxide can have access to those psrtioles behind the 
surface and combine to form cryslala of oaloiam carbonate, 
and 

(c) Sand and sarkr iMlng cheaper than lime, the Tolnme ot 
mortar is eoouomically increased. 

is not to he conCnsed with merw drying./ Durii^ drying, 
the water in the mixture evaporates. The setting of lime depMds 
upon the ahsorptibn of carbon divide from the air by tbs parHtM of 
slaked llmo in solution in the mortar. This absorption rosnlti In ^ 
formation of crystals af calcium carbqpate Ibroughoot the aaaaa. 
These crystals tend to ding io rough sulMitanoM such as the parfldm 
ot Sand or surki and the sorfaocs of bricks. Beeause of 
Addition of sand or suckl (wilhiu limits) incra^ses the strength' 
mortar, jf lime alone were used the esrfaoe would 
form an Imperviour layer, prex-nting access of the carbiNI 
Olathe particles witfaiucihis layer. The moisture inslds i V?|^fj| 
«V»lually evaporate leaving nctfalsg but a brnmbly friable powilsA,. 
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Pm lilM Hortara never set thronghoat lt,s masi in tliick walls 
owing to tKeir Uependenoa on externsl agdnts for setting. 

HydPaallO' Umu do not degaml for their setting upon external 
agenoies. The setting of saoh times «d<1 cements is ohieflj due to the 
formation crystals of hydrated'oaloiomesilioate and hydrateiJp 
oaleium alaminate and in (he case of hyiiranlic limes to a small 
extent to the absorption of oarbon dioxide. Such times and cements 
theruf ore are able to set even'in the centre of vee-y thick wallnanJ 
nndor water. Hydranlic limes do notincrease so mnoh in balk when 
staked, and tho’shikiDg process tal^ u mneh longer time than it 
Moes in the cise of pure limea * 

Mortar is of two kinds:— 

♦ 

Ordiiury Mar t tr composed of lime and sand (or sarki) mixed 
into a paste with water. • ^ 

CMMiit Mortar in which cement in sabstitoted for lime. 
Both kinds are nded in brick (or stone) work to bnild the bricks or 
stones together snd to provide a soft resting place, thereby preventing 
the inoqnalitiee of the bricks from bearing upon one another and 
therefore ounaing en equal distrlhotion of preesnre over the beds. 
Tlie vostioai spaoes are also filled np by the mortar and this siiflicM 
to form strong joints able to withstand the weather. It is also used 
as a matrix in ^concrete for plastering and other purposes. Binee the 
pTOi>ertius of mortar depend upon the quality and proportions of the 
mat«ri.d8 used in its preparation, and a)ai> on the method of mixing, 
it is important that these should ho considered in further detail. 
Neither rich or poor limes should be need if hydraulic limes are 
available for reasons already given. Hydraulic lime or cement 
should always be used iii mortar for engineering work of nuy im¬ 
portance. For work under water such lime or cement is al)Solutely 
necessary. If there be any choice, the class of hydrbulic liiuo or 
cement to be used will depoud upon the nature snd situation of the 
work to be done- For ordinary bnihlings not very much expo^, 
eligbtly hydrauUo lime will sutflee to form ,h moderately strong 
weather-rcsistiug joint. For masonry under water an eminently 
hydraulic lime or cement mortar is neci'ssary. If the work be re¬ 
quired to set qnlekly Roman cement woujd be used, but if great 
ultimate strength is required Portland cement should be adopted. 
The sand to be us^I is diortar should be perfectly clean, otherwise 
the lime will notiadliere to it. It should not be too fine a grain us this 
would prevent access of air, which Is neoesBary for setting. Oalcare- 
008 sands are better than siliceous one^. The salts present in eea 
sand attract moiBture and causes the mortar fo be permanently 
damp. River send is better. If surki is used instead of sand, it should 
be made from fully borat (oat overburnt) bricks, or by grinding 
or pounding broken tiles and pottery. The surki must bs perfectly 
clean and must be^j&ssed through a lieve containing 64 meshes to 
the inch before being mixed with the lima. Aehes and coal dust are 
also used as sobstitu^ for sand to make the “ black-mortar'* used for 
pointing, slating, and some kinds of mbblh masonrv, The water 
used f<% mixing mortar should not oontain mud, clay or other im¬ 
purities. Balt water causes damp and effioresenco. Dirty waterHs 
objectionable for the saVne reasons as dirty sand. * . 
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PrOportfOM of Itatolialt MIMI.— The dbiuI proportion of lime 
and sand ia 1 to 2. Thia may be varied according to the qaallty o& 
lime naed and the rulative poaitlon in the worki In Bengal aeveral 
▼arietiea of limeAria need* the inore important behig Sylhet lime 
(from the Khaaia Hill, Sylhet^, Katni lime (from the limeatone hilla, 

> Kntni), Butnu lime (from the limeatone found in Baton). If Rylhet 
lime ia need, the pruportiona of limeho* aurki ia gtmerally apecified 
to be 1 to 2. If “ghootiag** lime (obtaiced from kankar) ia naed, 
tlfb proportion of*Ume to sand or en»i ia nanally 5 to 7. qaan- 
tUy of wiFter naed -will be that reqnired to rednee^the mixtnre to the 
oousia^enoy of thick hon%. • The proportiona* of kankar lime and 
aand in mortar need for fo'indationg la 1 to li,.or I to 1 ff aurki'ia* 
anhatituteU for aand. For auperetructure work the proportion ia 
1 lime to 2 ftr 3 aurkhi. • • 

—Having decided on the proportiona of jhe ingrediente' 
they are prepared and mixed aa followe;— * * 

A convenient quantity eof qnickiime ia meaanred out on to a 
wooden or atone flour ander cover, and water added to*alBke it. 
The aanfl or aarki ia then apread over tho alak*6il lime, thna keeping 
in the heat and moiatnre and inereaaing the apeed of slaking. Thia 
heap ia turned over aiul aliovelled into a mortar mill, enough water 
being added to obtain the right conBiatenoy (noe above). It ia of 
groat importauou that the mixing ahould l>e tbovoaghly done, no 
two grains of the <lry aand (or snrki) should lie together withont 
having a layer of lime ur cement between theiq. It ia for this 
reason that mortar niUla are used for mixing. For amal) works the. 
mixing ia done by hand and as this involves a great deal op time to 
ensure a I liornugh mixing, it is eaaeutial that the work be oaretnlly 
supervised. Mortar made with cement abonid ho mlxml dry, the 
ingrodienta being turned overeeveral titnea previona to adding water, 
thus enanring a thorough incorporaUon of tho ingrodlenta. It is of 
great importance, especially in India, that tho bricks or atones to be 
tmbeddeif lo tho mortar ahould bo Hioroughly soaked, an that they 
cannot absurb tho raoiaturo from the mortar and also in order to 
*Temove the duet from thoir surfaces, which would otherwise prevent 
tHb moTiar from adbering. Mortal tbould be naed aa Miff aa it can 
be spread ; the joints should always bo well filled. Mortar for plaa- 
tering should be ground a aeoond time after an interval so as to 
eiiaure thorough slak^g of the lime; the mortar should then be uaed 
at once. Mortar ahould be placed on a amall platform or in a tub 
when require*] for use—not on the ground Wvhffire it would get dirty. 
Mortar which has set, or lain for more than 244*oi]r8 after it has 
been ground, should not 1*e need in any work. It should bo kept 
ready for use ln>^narrow tpougha which may be covered with matting 
in the hot weather to prevent ite drying or aettiidg too quickly. 

• 

Cenop»t*, 

Oworntn Ib composed cement or llm« sand, broken atone or 
brick and water.* The aelection of each of these materials dependa 
largely upon local conditions. Oertoin general oonditiona, aa noted 
below, ma^ serve as a*guide to the student. 

Tht MbMx is the cement or lime mortar Jn which ^he broken 
atone or brick ia imbedded. It ia a wise rgle to use Portland oepent 

2a • 
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for cearl; all olassea of concrete, being more 'uniform and reliable, 
while its strength is so muoh greater than hatnral eement. The 
brand of Portland oement snonld be selected from those having a 
first class reptftation, and in ImpOStant 'work it nhonld be tested as 
laid down in the standard soeolfloatibn of Portland cement by the 
British Engineering Standards. Oommittee. IThe sand should be*' 
clean ; test this by rubbing t* with the fingers of one band over the 
palm of the other. If the san^ is dirty, it will discolour the palm. 
Preferepeo should be given to sand containing a hiixtnro of ookrse 
and fine grains. . 

^ TlM«ttP«gate is the broken stoiTe oV clean gravel, or any bard 
material That can be proeand economically,' broken brick, 
sbingle, slag, etc., etc. If gravel is chosen it is advisably to Bore6h it 
over a fth inoh mesh sortieu. If it is dirty, it should bo washed 
before being ^hovelled on to the mixing platform. If broken stone 
is selected as the aggregate, it shonld be screened to remove the dust. 
Broken brick or limestoue is brtter than shingle, since they offer 
rough surfaces to which the matrix ifdheres more readily than it 
woLitd to the smooth surfaces of shingle nr llinls. If we}ght is not 
essential, a tigl;^ porous aggregate, such as ** breese " may bo used e.g., 
lintels or in fire-rosisting positions. The uL'gregate is screened so that 
the siae of each piece may not be more than 2^ inches or lees than 
1 inch. A l^-inch or 2'inch mesh ia the average rise of the screoii. 
The aggregate may be broken by hand, except when large quantities 
are required. In the lattei^ case power-driven stone urnshers are 
used. ' 

PraportlMS Of lolrodlontt.— For a small work it wiil be suHi- 
oiuiitly accurate to select the proportion of cement to sand which 
will gire the reqaireil strength to the oonoreto, and then use twice 
as much aggregate as sand. For example, the following four propor¬ 
tions will serve as a rough guide to the seleolion of materials 
for different kinds of work. The name given to each mixture is 
quoted from "Concrete " by Tayloreind Thompson. ■ 

A rich nriltlM for columns and other structural parts sub¬ 
jected to high stresses, or reqtUring exceptional water tightness, 
1: 1^: 3 'Viy volumf. of Portland cement, santkand broken stdne, 
respectively. 

A gtBIldard mlxtm for reinforceil floors, beanos, arches, rein¬ 
forced machine foundation subject to vibration, tanks, sewers, 
oonduits, 1: 2 : 4 ^y volume of Portland cement, sand aud broken 
stone, respectively. 

A IMdilim mlxtart for retaining walls, abutments, piers, 
ordinary walls, floors, sidewalks :—1: 2^ : by voliyne. 

A loan mixture <or unimportant work,' 1:3: G.* 

It will be not|Ki t\iat the aggregate in each of the above mixture 
is twice the quantity of sand. «ilt is not generally known that the 
quantity of broken stone + the quantity of sand is not equal to 
the volume of the fiflisbed concrete. *'I{ the broken stone is of 
uniform sise, the oonorete will cost from 5 to ID per cent, more 
onaneountof the additional quantity of material required to make 
a given volume of eofiorete. In measuring the broken stone before 
mixin g Umre will be lees solid matter In a measure, and loiiseqnently. 
more sand and oemihnt will be neoessary to fill the spaces between 
(l],e stones, 
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Consequently, if w start with de&nlte proportions of material, 
mors oonerete will be made if the Aatrix is oomposed of stones 
uf Tsrying sises ,than if •the «toaa had been Sbreened to s 
uniform sise. * ^ • 

» . Mixing Md Inyblf conontn.—The ^ployment of machinery 
for mixing the ingredieuta will depend^^on the quantity to be laid 
and upon the cost per c. ft. of concrete laid. The amount of work 
turfled out will uepend oonsidtirably npon the arrangements of 
the gang! * The materials for the concrete ought of coarse to be 
oolleotod on a platform aa Aeae the work aS possible ; the cemeut 
should DU protected* from rain and moisture. Assuming that the 
proportions have been decided upon and the materials collected, 
the^ixing s^hould proceed as fallows :'*-The proportions decided 
upon aro measured out by means of boxes made of sizes to suit the 
relative proportions of the Ingredient to be ba^. Tnuae measured 
quantities are heaped up together, aipl turned over two or three times, 
so 88 to be thoroughly mi#ed. Water should now be sminkled 
tUrougU a “ rose ” in autfioient quantity aa to alh>w the whme to be 
thoroaghlf mixed. Too much water is likely to wa|h the lime or 
oementaway. This moist mixture should again beturuedoTertwoor 
threii timtui. If hydraulic lime is used, it should be in a fitio powder 
and carefully slaked. No nnslaked portions ahouid be allowed to 
mix with the other ingredients. If Portland cement Is used, it 
should be cooled before mixing. Roman, cement, if used, should be 
fresh. After thorough mixing the concrete should be rapidly taken 
to the plaoo, where it is to be laid, gently tipped into position, and 
carefully rammed lu horisontal layers of not more than 6* thick. 
The surface of each layer should be swept clean, made rough by 
means of a pick, washed and covered with thin coating of cement. 
This surface is now fit Cor receiving the next layer. The joints 
between the layers need oarefnl attention. If proper precau¬ 
tions are not taken, they aro found to be a souroe of weakness 
rendering the mass of concrete'liable to split easily with wedges. 

there is no time to allow a layer to set before adding the 
nex^ it is better to ram the layer as quickly as possib^ and add 
the next layer before the former has set. Onoe a layer has com¬ 
menced to set, do not disturb it by ramming or walking over it. 
If the concrete is to be laid under water, it sbonid be protected from 
the water during its ptissage down to the site of deposit, either by 
shoots or boxes or sometimes by^fiUing the ^agi^ with concrete and 
depositing both bags and its conte'nts. , 

Hniarorimt Ooaofttt >• concrete in which mild steel is 
imbedded in suol^ a way that it reeists the tensional or shearing 
stress, leaving the oouorefe to resist (he oomprsssiTe stresses only. 
Its strength is therefore cousidenbly iDoresBed,^ and when the 
concrete and steel are eiliciently disposei^ it resists disintegration 
mnoh longer than the material it usually di^laoee. It has also greater 
fire-resisting properUes. lb is economical; and its monolithic 
character is often advantageous in coses of soft soils. Tim ateei is 
the reinforcement; it should have a tensile strength of 28 to 32 tons 
per sq. inch. The elongation In a length of 8* should be 20 per cent. 
Jleveral sectibns are employed, but the circular seetioi 4 .*iB pro¬ 
bably the most popular. In India expanded idptal reinforcement 
is best known. It is Baiti4)le for plain and Curved surfaces, pacta 
elMcly, is easily transported, is simple and eoonomiqal. afixpanded 
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metal ia made from aheet^ of rolled ateel,*%at and expanded by 
machinery into meahea of diamond akape aa ahown in Fig. bA . It ia 
* <* • . 

^*c.8a 
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mannfactnred in aheetf of ulmuat any qpnveuieut aiae up to 16', the 
long way of the moAea. Some aeetiouB ate indented or twiated to 
prevent alipping through the concrete, but yood cemtnt concreU 
adherea au well to ideal that twiated and iijdentoij aeetions are nn* 
neceeaaiLy. The anrface of the ateel ahuutd be free «from greaae, 
looae aoate, and th% like ; a alight anrface rust ia not objectionable. ^ * 
Tbt Oonortto nseih in reinforced yrork needs mosT careful 
attention.. The best aggregates are broken sandstone or shingle 


Id 

(iimestoae Should n^ver be need oa aooonnt ol Its ehan^ under thd 
action of beat), the aggregate mnit b# clean and screened from air 
sand. The mortar or binding material must be in sofitoient quantity 
to fill all voids between accent pieces of^ aggregate. The sand 
should be perfectly ^lean, sharp and hoarse, and of ^11 sisei from 
^ inch downwards! The cement shSu^ .be Portland and satisfy the 
British Standard speolfioations already referred to. 

* Further remaMts on reinforced concrete appear iu Part of these 
notes. * 


Plaster is the plastic material applied to the surfaces of parts 
of a bnUding, which after being disposed in U^e required manner, 
bardons aud retains its form. The plaster is generally applied to 
rough surfaces to give a esnooth^aee, which in iis torn servos as a 
ground for some finish such as whitewash, paint paper or distemper. 
It is alB(f used externally when it is deeirc^ to {fbtain an appearance 
which is preferred to the natural aurfaco of the mftteriala used in 
the eonatraotiou and in auuie cases certain kinds of plaster are nsed 
to protect straotnral members from damage by tire. 

Iwg -glllgntg—Plustor like ooiicreie and mortar eofiaists of a 
matrix and an aggregate. The former l)emg the active material 
which sets, or hardens, and binds, while the a^regate is the inert 
granular niuteriul which is bound by the matrix. • 

The matrix is either lime or cement and the aggregate sand 
In general the notes on lime, cement and sand, nuder the beading 
mortar” have equal appUouUon r^srding their qualities, selection, 
properties, etc., for plaster. The proportions of these ingredients 
depend upon the kind of plaster requir^. 

WhlUtnifll made from «shell lime mixed with water. I 
shell lime is not available fresh stone lime slaked on the spot should 
*iie used. The slaked lime is placed in tubs nearly foil of water and 
nttxed up until 4t attains the consistency of thin oeeam. After 
mixing, the wash shoold be taken out in small quantities and 
strained throngh a coarse cloth into '*gharrahB'’ (earthen pots). 
Two chittaeks of guo^to each cubic foot of lime is added to the 
strained whitewash and the whole boiled. Whitewash s&onld be 
laid on in three coats with s brush, the ’oaato^eing laid on verti¬ 
cally and horisontall-, alternately. Kacb coat sbenld be allowed to 
dry before the next is applied. 

AupHStt**. 

• « 

HlphlltM combinations of bltnminous and calcaieous 
compounds and are divideiPinto *• neural ” \pd “ artificial 

ItatUPai avhlAtM are important for nse in engineering works 
and are superior to Jibe artifieial imitationB. It is a bituminous 
limestone a rich brown colour found iu large quantities in France 
and Swltserland, the component parts of whmh oonri8t<of calcium 
carbonate impregnated with about 10 per tynt. A mineral tar (bitu¬ 
men). 
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Arttflolal aiplMltM are formed of a mixture of coal tar, pitcb, 
•chalk, qaicklime, ^eeud an£ aawdoet, ground iron and slag, heated 
and laid in a asmi-fluid stale. The pitch used in the preparation of 
artiticial aaphultea alionid be truecr mineral bitninen, and not the 
Quiil tar pitch-which iBObhUiiSdOQ diadlling coal tar. The latter la, 
brittle and aoftena more reaailjr under heat, is cwaily crushed and 
altogether inferior. The distinguishing propertiea of asphalta. are 
as follows ;—Damp resiating, uurable, uoisolesa, sauitary, noii>inflAin- 
mable, vermin proof, eamly cleaiunl, slightly elastic, unaffected by 
urine, easily a]>pii<‘d. 

In umiseqiicuoe of these pro]M-rti«>a it has a variety of uaea-aa will 
appear in Fart II ■of Ibese notes. 



CHAPTeA^ll. 

MAtals Afitf Alloys.^ 

The luetaia mort ^nerally oaed the engiuser ara iron, copper, 
lead, aiao, tin, and eombiiiationa oftheae (alloys), e.p., brass, gnn 
metal, MnuU metal, phnspor b^nao, whito metal, bellmetal, 
Blbbits metal, pewter, solder. 


Iron* 

^OtM.—I ron is not found to any gi%at extent Ifi the pure metallic 
state, and has to be eztractet^ from jts oxides, carbonates or sul- 
plSides, called otw t all ores are mixed more or loss with imparities 
such as manganese, magnesia, siliei^ alnmina, ^lime,<oarbon, snlphur 
and pboRpborooB. 

Dffttlffj-—To separate Ihe earthy impurities the ores are crushed 
in mills and washed. This process is called drpasing. * 

CalolMtiM Ud RoUtlRi.—'After dressing, the ores are roasted 
to drive oil moisture and oarboolo acid. 

tfMltlRd>—The ore is now mixed with a '* flax " which extracts 
from It must of tbo imparities (“Oaugue") when both OBu and flux 
arc Bobjticted to intense heat In a blast furnace. The metal sinks 
down lu a Haiti state, while ihe impnritics combine with the flux, 
and run off in a light and fusible ** elag 

Once a furuaoe Is lighted it is not allowed to go oat antil It 
roq^ulree repairing; fuel aud ore arc eontinnally replenished when 
sumcient molten iron has collected, the faroaoes “tapped" and the 
iron run into a long channel foniied in sand and baviog branches 
on each side called the sow and her pigs, hence the term " pig iron" 
given to the rough burs of anporified iron ran from the blast furnace, 
it is in Shis form Chat the iron'manafactarer purchases bis iron and 
OSes it either for casting, or the manofactare of wrought iron and 
‘steel. 


Pig IlKWI. 

As already stated, pig iron is the prodaot of the blast fnmace. 
These bars or pigs onnsist of pure iron and carbon both chemically 
combined, and mechanically mixed, and of sac^imporities as silicon, 
sulphur, pbosphorons, and magnesia, aII*of which, even though 
present in minute proportions, con^derahly affebt the nature of the 
material. Thus phottphoroos increasee the rtrength, but makes the 
metal brittle, mlngunose improves the malleabl^ty, but the influence 
of carbon is by for tho most important. Wben free or unoombined, 
U is visible as black specks, whep chemically combined it is not 
visibie. The effect of the free carbon is to render the pig easily 
fusible. The combined oaxbon renders theiron bard and brittle. 

Caat Iran. 

Cast irw is obtain^ by re*melting the pig iron in a " cupola ", and 
running itlnto moulds ot the shape required. The cupolg, (aee Plate 
6) is ^milar to the blaat furnace in its action. Limestone is added as 
a flux which combines with some of the impurities left in the *pig8 
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Kod remoT«6 them «in the fona of e ilag. Ceet iron is hard and, 
brittle. Fates at SOOO* F. oannoi be tuf ged or welded. Most auitable 
for resisting oonipretsion • snob %s in ooinmns, beddhig plates, shoes, 
etc. Unsuitable for rejisting tensioo. EBsily.melted and rnn into 
various shapes sigoh as railings, grdtec, pipes, gattetB,pr ornamental 
work pf all Muds. Oontaias from 2 tn 6 per cent, of carbon. The 
ultimate compressing strength averaus from 38 to 55 tons per sqaare 
idhh. The nltiiftate tensile streagtn varies from 5 to if^tons per 
square lifbb. . 

a 

llfllllHtni Tlin foUewiftg terms oeoor frequently while notgig 
upon the strength 2nd properties of iron and steel s their definitions* 
ai8 therefoae given below 
• • • 

Losd is the external force or combination of external forces 
acting on any piece of eonstructionaunder oenstderatton. 

Umi UdStnla,—Thp effect of a load ts to change the shape 
or dimensions of the pieoe of constroction npon which U acts and 
this change of shape or dimension is called a ttrain. The internal 
forces called into action in the material of any piecet>f construction 
to resist the load are called siress. 

There are three kia<l8 of ttrain and sfress—(1) Tensile. (2) Com¬ 
pressive, (3) Shearing. * 

Ttsalon is the stress produced by pulling. It elongates the 
body upon which it acts and tends to cause rupture by tearing. 

OmimglM U the stress produced by pressure. It shortens 
the body npon which it sets and tends to oaose rupture by ernshing. 

lllMriBt ftmt ie that produced when one part of a body is 
pressed or pulled so ae to tend to make it slide over another part. 

JuUuMf is the resistance, due to the oohesion of the particles, 
which a body offers to being pufled asunder. 

» DMtlllty is that property of a material which allows of its 
bging drawn out by tension to a small section. ^ 

MtUiMH 1> l*ok of ductility or the tendency to break 
suddenly under stress. 

material is esid to be perfectly elastic if the whole 
of the »lra«n disappears when the stress ^ remgved. 

ElMtie linit is that stress which, if exceeded, the material no 
longer returns to its original dimension. 

PtPMHMrt Wt is the^ permanent strain which remains after the 
remov^ of a stAss which exceeded the elastic Ihnlt of the material. 

■odiUNfi of ElttUolty is the ratio of stress to strain. 

mtUMteitPiM la that which prodoom fracture. 

WtrUai tfrMi hi the vnaxlmum stres# to which Uie material is 
subjected in actual practice, • 

PftOtor tf MiMy is the ratio of ultlmple stress to working 
stress and^ependa on* the nature of the load which may be a dead 
load, a 2tv« load, or a variable load. 

MiMMIty is the properly of being«permanently extensibie in 
all directions by hammAing or rolling. 



VtoUsbillty ia the proptsrty poueased b; epme metala of adhar* 
la^ firmly to portiops the aame or other metal when the two 
pieces are raised to a high temperatore and hammered together. 

WfOiUht iMn. 

Wrought iron is obtained fiy extracting from pig-iron the ^renter 
part of its carbon and other imj^nriU^ by meltinif in a reverbeea- 
tory furnace. {Set Plate 7.) In this furnace the metal la 
Bubjeoted to the lieab of the flame and a F‘.rong current of air. The 
^fnel la kept quite eepnrate from the metal. The molten metal ia 
well mixed with oxidiaing anbAancea, e,ff. hematite ore. iron oxide, 
forge BCaiee, and aninetimea with limoatunoa and aalt. The oxygen in 
the.^e cuminnes with the carbon left ifi the iron, and ulan with itae 
silicon, forming atag^ ^hieh ts ran off. The Iron becomes less 
fusible as the carbon is romovbd and becomea pasty and ia then 
worked np into balls, or “blooms” fs they sie catled. These 
blooma rre subsequently weldtul into a compact mass, and the 
remaining slag and oinder eliminated by blows from th;) ateam 
hammer or by passing between grooved volIeTS This proceas ia 
known as puMIifig. These puddled bars produced by rolling are 
wrought iron, but of the lowest class. Tho grade of the wrought 
iron depends, up to a limit, on the namber of times thia proceas of 
reheating and re-rolling ia performed. 

Ilarkat fome of wrougit iron and otool.— Wrought iron and 

steel are prepared in a variety of convenient forms for the market, 
the more important of which are montionod below and skebchas are 
given In Plates ti an<l 9. 

tor Iron (round, square aud flat) is manufactured in lengths 
up to iiO feet. 

Rounds and aqooroi increase their section by sixteenths of an 
loch from I up to 3 inches, and by larger inlervals up to 7-inches. 

Flat aaetlons vary from t* X 1* to 6* X 1', the widths increasing 
by eighths of an inch at the same time that the tbiokueas increases by' 
sixteenths of-an inch, and from 3* to 10* wide up te> 1)' thick. 

Ml lara are of various rectiona, e.g., doubled headed or 
bull-headed rail, fiat bottomed rail, tram rail, otc. 

Eauai Andlas may be had in lengths up to 95 feet and of sections 
varying from H* xl»i x to 8*x8*x J*. 

UlMRUal AnRlaO have .sections varying between 2'xl|*x^f* to 
7*x8i'xt'. 

Toaa can be had in lengths np to 40^ feet, and seotions vary 
betweenli*xli*x,’V* andG'xd'xj*. 

Chaniielf np to 35 feet in Ifngth and sections varying from 
2/xl* to I5*x4'. 

Railed Jalata mni: depths from 3 to SO inches. 

A very great variety of sections is kept by different msnufaetnrers 
^bo generally publish full sise sections giving detailed information 
regarding dimensions and properties, of each 6i the forma enumer¬ 
ated above, * 

Plataa range from jY to 1* in tbicknesa laoreaatng by* 
sixKentba. ITie area does not usually exceed 84 feet. 
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ShMtS (as distinKaiBhed from plBteB) aVe*’ sold in thiokn oe a oo 
«if i>a* and Plates and sb^M axoeoding 4' fia width or 20 feet in 
length or weighing more than^J cwL ooat extra, bnt can be obtained 
up to 7 feet wide or 35 feet long np to 2 feet wide. Sheet iron is 
largely need for roofiug'and other parpdBes in India. 

CorraSiltMi ShMt Iroa u made by passitig sheets through 
groored loUers which bend them into parallel waves or oorragations. 
The corrugations increase the 'stiffneds and strength of the she^ 
considerrfbly. 

talvuriud Iron is iron covered a thin coating of sine, 
.Both plain and corrugated sheets are generally galvanised. Oul> 
vanising preserves the iron fi^om oorrosion by rnst. When iron is 
oxidised it is said to be rnsty. Iroi\ will not oxidise iwdry air cr 
when wholly immersed in .water tree from air, bnt will ru8( when 
alternately exposed to,moistnru and air. 

The-sverage ultimate strength*of wrought iron Is as follows :— 

t 

Teptfton, 25 tons per aq. inch. * 

, Compression, 13 tons per sq. ineh. 

Shearings 20 tons per sq. inch. 

It may be preserved by galvanising or painting. Before painting 
It should be freed from any scale which may have formed on its 
surface. 

Wrought iron (s aoitable to resist tensilo stresses nnd has been 
much used for roofs, girders', long stanchions, etc. Its reliability 
has been Its great recommendation, but it is now being displaced 
by steel. 


•toal. 

Daflnltloas. —Steel may be dediied as malleable combinations of 
Iron and carbon which permit of being hardened, tempered and cast 
into malleable ingots. * ^ 

Steel may be divided under two main heads, MUd tteel and 
Hard ateel. * 

Mild steeMnoludes shear and steels made by-the Bessemer an4 
Siemen process. Hard steel incimles the crucible cast and the 
Whitworth compressed Ingot. 

MuufMturd cf HIM StMl .—Mild steel is produced by three 
distinct processes— « 

(1) TIM PmMIlSatlOH prOiMfl ia that by which cast iron is 
first refined into an almost pure wrought iron. The latter is then 
changed by combining with a definite amonol of oart|pn. 

(2) Tbt IWWMfr prO O eM.—By this process steel is made from 
pig iron. 

(3) The IlMMR’l 9F 0|Mil bMM^ pPMN.—Iron ore rich in oxide, 
pig-iron and sometimoe steel scrap are the ingredients for prodnoing 
steel by this^ method. • 

GpMPPlIp,—Mild steel is suitable generally for oonstruotional 
purposes, e.g., bridges,'Orders, roofs. In partioular, Bremer steel 
tor rails, asles, common tools, boiler plates, etc. , * 

Siemens for railB< tyres, boilers, forging for engines, tin plates, 
glrd^ftrs, etc. Hard ateel Is useful generally for ontt^ tools. Ii| 
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parUouUr orncible Bteei is aseil for the fin«8t outlery and 
for oattiug tools composed of steel oaly, where great hardneu is ' 
reqairod. . • * • 

Whitworth oonfpressed stec^ is ased for boilers, rivets, gnus, parts 
of large maehiiies, bq^iug tools, etc. b * * 

The amount of carbon in steel V^ies from ‘10 f<fr very soft to 
1-5 pur cent, for very hard steel. 

•8teol may bo «.listiugaiBhud from* iron by dropping dilnto nitric 
:icid on the surface. If the metal is steel u ilurk grey slftin will 
be protluoud. Steel is hl^ly elastic, wallpabts, Muctile, forgeable, 
w«iidable, capatile of receiviftg difTorent ilugrties of hardness Iby 
tenyiering, fusiblu at a 'lower teuiiioratiire (21U‘' dT.) than wroogUl ‘ 
ir<m. • ^ ^ 

ilartfaiiliig, tamparing, aaaaallng uu«i aaaa*hardaning.—Bteei 
at a red heat when pliiuged into^uold waters becomes exoeHsivuly 
hard. The more BudJunly the lu^t is oxtraetuil the greatur will be 
the degree of bur«lneaa. 'i'li*<lugruS of hardness alae depaiula u|k>u 
the peroeiitage of carbon present. * 

This process of kardeniitg makes the steel brittle and it is there¬ 
fore necessary to resoften or to teiujier llio luelal beCoi^'* use. • 

Tamparing is of groat importance in the miinufacture of enlLing 
tools, stoul springs, etc. 

The article t<i bo tempered is timl bardoned as de8crit)ed above 
and then slowly hoalud to n iiHnlorale ^ioiuperatnru ami allowed to 
cool. When cooled from a high tui»)H>rul<in* it is softer than wlioi) 
cooled, from a low temperature. The film of ovide formed on the ■ 
siirfuoo of the steel whuu boated lieoomus thicker and ohungos In 
colour as tho (t'mperatnro rises. 

Tbo colour of this film is therefore an indication of the tempera¬ 
ture, and therefore of the dugree of lianinssi or temper rui{iiin!d. 

Anaaallag or softeuUig st-el is oltocled by raising hardened 
slwol to a f^'iTheat an<l nllowing k to oool gradually. Uy this process 
it regains its original eoftness. 

Oaia-haitMllIng >S tlm procosM by which the surface of wrmiglit 
irdti is cliuugeil to stool. Tho articlv to 1 m cusu-lmrdenwl is placed 
iu an iron box caiitiiiuiiig bone duk and Hiibjected tea red beat for 
a period which dupends a|mu the depth of steel Tei|uirud. This 
period varies from i hpur to H hours and tho depth of steel From 
to I inch. , 

Tho surface of an article troattsl this why iarenderoil hard and 
capable of resisting wear. Keys, gun looks, bearing parts of bicycles, 
link work of locomotives and other artiolcsreqniriug a hard snrfaoe 
combinod with tbughuesa nre generally case-hardeued. 


Cop^p. 

Next to iron, copper is tho most important metal ubu«1 by 
engineers. * • 

PPPptrtlPS.—Oopper Is of u reddish colour, takt's a bright polish, 
but oxidises slowly in air, beiug oovere'l by a film of carbonate* 
(“ verdlgrM*). , 

Balt water corrodes it if tho air has access at^the samcp-time. It 
Is highly malleablu and dnoiile. Cun dm worked cold or ^ot. 
Oaiinot*b6 welded. lta*high coudnotivity for boat and olectrioKy 

‘ * 3 
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makoB it eminoutly suitable for eleotricat purpjBos. It can be drawn 
into moderatuly fine wire. ^ 

UMt.—It u used for nnllB, bull wires, lightning Bouduotors, 
bolts, looomotivo Qre. boxott, tubes, ejo. It is in the muuufaoture of 
alloys such ps brass jtud brouf« tliat it is xafst widely nsod by the 
engineer. ** i 

Msrkat fOflM.—Cupixur ia prepared fur the market in the form of 
ingots, ifheets, wire coni anti tiiliea. ' *' 

Lead^ 

■uiUfaeturtt-'Leuii U rbtluced from ores, chiefly from,one 
ualled Galena (salphlde), l^iy ruasljug or suiulliug in a revorberatOry 
furuace. , 

PPOportlttl.— I<ea«i. is an oxlrvinoly soft ami plastic inctul, heavy 
(nsible, very malluublo but watklipg in tenacity and elasticity, 

UM^—Lead ia uSiitl fur covering rootk, budtiing girilers, pipes ami 
oistorns. It is uls>>, iisu.l to thu pn*|)aratiuu of whito iva«i (iuud- 
carbouate) which forms thu Imae tor many ordinary paints. 

2ine. 

HanilfJtCtim.—Zinc is prpimroil frmu ori-s by roasting and 
suiisequont disUllntioii with carlwn. 

rniptrfitt •i’’*iinn ill niiiily fnnnl It is brittle whou cold anil at 
* high toinperaturcM^about lUO^F.), but it is malleable at about 
and can bo rolled Into Bhouts. 

In the preseuoe of moist air u Him of oxidv is formed on the 
sarfaco of sine. This film protects the invtal from further uoliuu. 
The slue is dostroyod if the air ooiitaiiw acid or soot. Good aino is 
tough aud of iiuiform bluish groy colour froo from bluluhy partiulea 
of darker colour. • 

The iiresonoe of lead makes it impossible lo roll aiuo because of 
its brittleness. , ‘ 

Zinc eontuining raoro than I |>ei cent, of lead should be rojtwtud. 
If laid in dbntuot with iron, copfwr or load a voltaic action is set up 
which destroys thu aiiic rapidly ia the presoncu of moisture. Zinc 
expands and oonlraots muru than other metals when snbjeotod to 
changes of tonipomturo. * 

It biases furious^' if fatsed (o a red beat. 

UMt.—Zinc isvusod fur rooting, pipes, cisturns, ventilators, 
slating nails, covering for iron to prevent oxidation. Its oxide is 
used as a basis for slue paint, aud it forums a componont of many 
usefnl alloys, 

\1R. 

MMMftCtm.—Tiu is obtained froiii^in pyrites and an oro called 
“Tinstone’’. The or6 is stamped, then roasted, wnshud, a flax is 
added and after sincUhig in a rcverlieratory furnace the liqnid metal 
is run oflf into moulds.' The Ingots thus prodnsed are then refined. 

Pr opi ryi a i i—Tin fuses at a lower temporoture than ottier metals. 
It ia very' malloahld and oxidises very slowlv. It is verv soft and • 
its.diiotility and ten^e strength very low. 
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IlMf,—Tin U usedtfor ooveriiig tttaulplalua aad lining lead pipoi,* 
I( la an imporUint ooiiatikuleiit of allojw • * 

“ 131ock Tin"oiv“ Doublea** ia* uaad For tlio bea? tin waro. Ik 
coiiaiati of ateul having a thiok noali^ oj tin. . 

AlumliMiaAi. 

uminiutn la if aiivury wliik-i motal, »aaily anat, inalloaUn, duu- 
tilo, vory flght, not oaciUy uorrtMiod. Ita cliiof uai,* for Iho enginoer 
la in iha pruparutioo of alltil^a.# * 


Alloy*. ^ 

!&iIoya are inixtaroa uf ono or mont muinlH. Thuir prophrUeu are 
ao diffnruiik from thoao of ihwir <u>iiHlU»tun1» that tUuy oaouol he 
regarded aa merely iiincliauieal inix^iruR. 

For oxauiplu a luixtiiro oW piirbt of eoppor and one of Min givea 
an alloy teuii mutal) wliioli la barilor and more ^UHiIdu tliaif ooppur, 
but whioIrMniioli he rolled. If tin la lulded to.lliijf mixture* ila 
hanliieaa la inoruaautl, in apllo of iku fact, that it la a aoftur iiiutifL 
tkan copper. 

Alloyanro proparoil liy molting the more ini'iiaihle motal tirat, 
llie Ollier (or otliera) hoing addud It^r, uml oontiunully^tirred to 
preveiil the heavier uioUl friHii aliikiug which would nvmlt iu an 
alloy iliut would uot he UumogoiKMUia. * » 

I'liu^tenalle alrvugtii of an alloy la generally greater Ihun Uiut ' 
of Ita oouHtltaU'UtH. 

Alloys produced by mixing copper and aino are ualluti “ifmMew." 
Those of copper and tin ** lironzetT. 

Bp«**e*. 

liraSH la tine of (he moat iiu|Mfrlanf ullnya. lie colour depends 
uyon the proportlona of Hm oouatitnenbi. 

Ooiiiiuoii yop»w bra'^s ia generally need Cor eustiuga, uoutaiua ^ of 
copflor, and 1 of zin* * 

Munti IMaI contaiiia 60 parka of copper to &0 of alnc. It cun 
Ira forged or roiled at a rwl heat, and it la uaod Cor ahenthiiig ahipa, 
etc. V • 

DthftNBtal ia tongh aud har<i. It can * Im rdllud hoi or drawn 
into wire when cold. Uakee lino ouatiugi and doua not tarniah ao 
mnoU us brua. 


Bpoiis**. 

Bronze oontaina copper ami tin, the ]>r*)>ortinna varying accord¬ 
ing to the kind of work for which it ia ruqnirud. The tin ia first 
melted in twioo ita weight of dbpirar t(» produce I* hard metal" which 
ia then added to tho pro|iortlon of copper aoparntoly melted.* 

Bun ttntnl pruduoea good atrong coatinga and^doos not corrode. 

Soft gnn metal contuTna H parts copper to 1 of tin. 

Hard „ 82 „ 18 

BtlllMnL— ^ 1 » 

Bell xnetal, aa its,name implies, ia used for making hullg. 

3 A 
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Broune is uBed for maolduery boarlDgn, fllop oookfl and valvtM, 
small tuoilied jvheols, statnafy, etc, 

Otbar ftfloyt. 

PhOiplNf IfMtt is an I alloy copper aiid tin with a small 
puroeutage of phosphorous, ^ts strength is nearly equal to that of 
wrougl]t iron. It cuu be oast, fo^ed or draWn into wire. 'For 
ordiuary work it^ composiliou is ooppor 85, tin 15, phosphorous U'5. 

It is useful in pohitions subject t^ sUooks. It wears longer than 
l|nn metal when used iu hearing. , 

BabUti MeUl consists generally of about 81 per cetil. t^n, 4 
per cent. ooppt‘r and 7 pnr cunt, (iiitimouy. It is used fur Iviing 
bearings. It is very soft,' wears smooth, ami roiluoes friction*. 

Solder is an alloy usod for joining piocus of metal, tho junction 
being cll'foted by the solder oomUning ^ith the mi-'lals to bo joiuud 
and for/niug a fresh alloy with thorn, 

.Thu cumpositioiiiof solder varies uooording to the iiaUiro of the 
metals it is deoire'S to unite. 

HirdSolden are those which fuso at a rod heat, and are used 
therefore for uniting metals that will oudure that temperature. 

Soft Bolden melt at low. leui|>eiiitures and may be used for 
nearly all metals. The joint will be strongor the muro nearly the 
solder agrees with the mutal to ho uuitoil in hardness and malleabi¬ 
lity. 

Soldering. —The ]>rocu8e of joining two or more piocos of motal . 
together is called soldering. It is <Montia[ that the surfaces to be 
joined should bo carefully cleaned ami froe from oxides. When 
tho surfaces are healed they are easily oxidised, aiiil it is therefore 
neouHsary to prevent ibis oxidation by means of a flux. Tho 
flux used for hard soldering is Borax. i 

Srulngi— The process of making joints in iron, copper, brass 
and gun metal with hard solder is called and is g(meral\y 

performed ^y heating in au upun air hearth or by means of a blow 
pipe if gas is availahlo. 

Granulated solder and borax with a small quantity of water is the 
flax generally used. 
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CHAPTEIIIV. 

Tlmbcp, 

CtUllflCItlOn of and “wood'^aru term^ 

used by engineers to indicate the pK)dacf of certain trees aftor they 
have been blled, Bi^oru of their branchw, and Btripped of their bark. 
The trees ai^ known by popular names in the language and oeantry 
of their growth, and thoir pr^act aa timber often rwceives iHfforeiit 
names thus cauaing oonfauons The wientific names of trees are 
therefore of aasletance in identifying Ih^m, but are of no praoticaf 
aasmince in (ystingaiBhiug the timkra 

ftru^re ud Orawtt of Trafc-A di^owledge of iKo effeotB 
of growtu on tho atmoture of timber trees ip important in that it 
oxpUiufl why (1) one wood is Btronger than anoIJier, (8) why wood 
may be stronger in ono direction thin in another, and wh; woods 
vary in Ihuircharactomics while undergoing masoning or ii^ work* 
ing. A trm may be divided into roots, trunk, liAnches and leavv^s. 
'Hie roots servo the doable jiurpoee of anchoring US' tree to tlx^ 
ground aud of aliHorbitig from the Utlor the food necessary for its 
HURtenance. Tho trunk is th<' cbannol by which the food is supplied 
to the branches, and loavoa, where under the action of lighUand air, 
Iho food is prejiarud in a form which cdh be assimilated by the tree. 

This “food" is called sap, and cnrftistR of such substance ns 
Htaroh, n‘sin, gum, otc., after it has been transformed under tho action 
of light and air, 

The sap absorbed liy tho roots travols to the topmost leaves 
whore it ia transformed into resin, gnm, etc,, as dcBcriI)ed above, and 
rotnriis to the roots again. This circnlation of tho sap in the coarse 
f»f (^ch year marks a distinct stugo in the growth, an<i tho age of the 
tree may bo^estimated by the recor^ lof{ of these sncceodiiig stages. 
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On examiniug tho eroaa seatioo, tnch a% would be made bj A 
horiaontal Bay-onti.throiip'li file trniik of an; ordinary Limber tree 
four parte ar? nniiotmble, (ji!M Ffg 10.) , 



^ W./l. 

OBncTS MiTMfleR 
HMa»tSmahk. BTARAtUhW 



1. Pith or Medulla. 

2. Medullary Raye. 

.. Annular Uing. {"Era.. 

4. Hark. 

• 

The pith or tnedtUla is the firat portion of the stem which is 
formed. It consiHis of cellular tissue and contains the fluid which 
• servos to nourish the .tree. As tlie tree t;et8 older the sap and uois* 
tiire are carried by the veSHole of tho woody fibre d«{<oeited about 
the pilh'and the la^r having handed over its work, dries and decays. 

• Tho pith of all the hcauchos is merely ^ continuation of Hie pi^ 
ot the mail) stem. 
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Medullary Raya are vertioal tayen of oellnlar tissue, which 
radiate from the pith (or metlalla) to the must n^ontly formed 
layers aad sap wood. Tlieir fuoctton is to take the sap and air to 
the intertior ▼eesels of the trte to .complete the formatiou of the 
varions tisanes. • S # 

tanular RIadt oousists of cellular tissue and woody fibre arrang¬ 
ed io eonoonlric circles or rings abont the pith. They are cal^d an¬ 
nular becaase in-tumpurute allinates one layer is foripud animally. 

In India or any other tropical olimatefi; wliero the leaves uro 
often shed twice in iko HUine year, tli«^ would be. a corresponding 
auodber of rings a<lded. Tlio riuga ar<« prodncod by the changes 
wi^ght diirfng the cironl^iun eC the sup, wliioh iti the spring is 
Hbsorbeil from the soli and a^toon.ls to thtr lupuiost branches, and 
towanis the end of summer dt^eundH m the ontoi* luycra of the tree, 
under thn bark ne ulroady doaoribod ^l)ovo. The first formed annual 
rings are gradually filled wUlathe enbstanoe carried into thtfm by the 
mednllary rays, and there harden to form I^trameH" or Hmrt 
wood. • , • ' 

Tho alhurnum or sap wood sbonld not be iihchI for joinory 
because tho sap has not soli<tified and would rnadily decompose. 

TUu Bark consists of c<dts of wqptly fibro. A fresh* hiyor is 
addo<l unnonlly ou ita inner surface. 1*he bark incroaseB in girth as 
tliolruo grows, biititot ut tho sniuo rate, so that in timielheoliier layers 
split, soon' trees the l>ark is thick and B|>ongy as in the ouhh of 
those troes tliat supply cork. 

Him fUf falllni wlmt has been said above It will 

he gathered that the uost time for felling a tree is when the moisture 
and sap arc at a minimum, *. r., in tho mid winhir in temperate 
climates, and In tho hot weather, in India. All otliur seasons are bud 
CHpeciatly i^>ring when tho tree •coiitaiim the maximum of sap. A 
tree sheiild not ho felled nntil it is In its prime. IF too young there 
iii*too much supswoiid. IF too old tho wood is brittle and lucks elas¬ 
ticity. It requires ojEperionce to jmige whother a tree is in its prime 
or not. Oak trct'S arrive nt mutonly when abont 100 years old. The 
ash and larch between liO ami 100 years. Norwegian Pine ia gene¬ 
rally cut when Iwtwoen JO to 100 years old. 

Bimnnillt —As soon as n tree is fellwUi shqphL bo stripped of 
its bark to allow of ii more rapid evaporation?unit sbonld be slacked 
so that the moistnru may he dried out and all*sap that has nut 
hardened thoroughly driven out before tho* wood is used. This 
process is called seasoning iin<l is necussary to present shrinkage and 
subsequent decay. Thu strength of i^een timber is doubled by the 
care taken in suasoning. There are three innthodk of seasoning in 
common nso. Two methods arc doocrilwd fceiow. 

Tin natural ntttftnd, wluoh is also the best, oousistri in stacking 
the limber In such a way as will allow froc oiroolation of.air about 
all its faces. The stacking is done in sbods, the limber being placed 
perfectly level in racks. • This method takes n Icmger time than the 
other, but ttK wood is more durable and reliable than that which is 
seasoned by any haateuiug process. The time required for' natural 
Beaaoning varies from threg mootfas to two ^uara according to thg 
else of the timber. 
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tfftttr consiBts in labmerf^ngi thB Umber in a raii- 

ning stream tbo bnit nftd np stream, thus allowing the water 
to enter the pores more readily thah it would if tl^e tips were facing 
the current. The sap.ia diluted and oarriod out by Ihe flowing water. 
The clarubility of the timber ^ill be elToctodi i| kept under water 
for a longer period than 11 iliys. The timber is now stacked and 
left to dry by the natural method, the drying taking place much 
quicken after submerging. “BbAkes** are liable to oocnr if *the 
timiier is dried top sudilonly ; the exterior surfacea dry 41ml shrink 
while the interior id Cull of moUitire.^ ^ 

—Timber may appear sound and yeC oontoin the germs 
of disease which only await u favoiirablu opporlnnit}^ for devdlpp- 
ment. The following are the moo^eommon doFoots :— • 

Haart ShftkM up y^ide splits running right through the heart 
of the tree and imfioiite that tho treo has passed its prime ami tliat 
deoay ha%hogaii at the ocntro. (ffse Pig. 11.) 

Stitr Shakos are duo to tlio shrinkage of the timber when 
Seasoning, llie splits rsnliubi from tlio centre and inereadb in wiillb 
St the onteiile n>lgo. Fig. 11.) 

Rlag or Cup Sholcoa nro gaps between the annnlar rings. 
'J'liey are uansod by wind and frost in tho growing tree. They are 
nsnally oonfinud to the butt ond of the trunk and nro thns eatrily 
se-'U. It removed, the atljaqpiit parts of the wood are not alTeetod. 

Mod Coils' are curve<l swellings cansed by growth over the 
wound made hy ireperfocUy lopping off a liraneh. • 

UpMU are thost^ portioiui of the limber in which tho fibres ' 
have been injured hy crushing. 

Knots are a aecessary aoooiii|iaiiimont of the growth oF a tree 
being the peritianeiit nsjerd of its brauoltus. They are enllod “ Hue ** 
or “(lead.'* Live knots are the spriiigiug miinia of branghes which 
were Uviiig when the tree wiw Felled. T)ead knots are the routs or 
springing points of hraiiah<’H that bad diod uO* bnfuro felling. Detvl 
knots, if not already loose, are lialde to l>eoomo so. * 

Cslsctfan.- -The eelectinu or rejection of tiiXber having detects 
as nnte>l above will depend to a great extent on ihe purpose for 
which the wood ie required. 

Heart shakes, ae forerniinem of Jiseaalf, are inadmissible, but 
in catting up tbeHogSato form planks, battens, otc,, the defective 
parts are usiialli' out away. The efTect of star shakes depends 
entirely on its ext«ntt. The worst objection to them is that they are 
iiablo to extend if tho timber is not fully snaao^ed and is sobse- 
quently exposed to damp. For stniotnfsl work therefore shakes 
must dlwayy be yjewed with Huapiciun, Cup shakes, thongh fonnd 
in tho log, are seldom* soon •in timber supplied for structural 
purposes. 

In regard to knots,Hheir iroportansn depends on whether they 
are “live/’ with their tissues otosoly knitted to tlie surrounding 
wood, or *'dead*’ in which case they lack that union. In strno> 
toral work deotl kndis are always a Bonroe of weakness, whereas 
the etfeo^ of live knots depends ou their sise and pCbitlon. For 
example,' if they (Kout on the ntider aide of a beam where the 
v^eod is in tension their 5veakening effect ipay be material, but if ou 
the upper Aide, where the wood is in oompreesion the reanll doea not 
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niaterlally affeofc tbe^sbreogth for joinery, especially of tho ofua* 
mental kind; IWe knots often inlrotltno ploasa|it variations in as* 
otherwise plain grained sarfsio.',* but if they are ruinous and the 
work is to be painteil, spooisl yreoautiona have to be taken to prevent 
the resin workiiur yirongh. Dcaif k&ots, if properiy seourod or 
knocked out and the holue plnggeiPc^aao dUGgiiromrat which how' 
ever will be concealed by painting. 

* Canvmlon.—The entting np of logs to form hanlks* planks, 
battens, e^., is called conversion. Tho most eoQnoniical method is 
to cut the logs inngitadinany,^ho stxw cnts'boihg tangential to the 
annual rings, Ua«t wwmIh, such as^ook, often hnvu (heir sectidhs* 
entsinto qaarb^rs, and (he piea>>s are eat with faces parallol to tho 
io^ faces (if tho itnarters. The engineer is nsnally abie to purchase 
his timber after ennvorsioa in the fornr of logs, baulks, planks, 
battens, deals, ends, moels, spars, |Hd<« and {wopared (imbnr. ’ 

DMmy and PrManratldn.~M:4iiro«i and wnll sassonod timhor, if 
protected from harmful, oxArnai indoeiioos is pruolicaity* ^perish¬ 
able. Hqtiiu of thnso harmful, external inliusnecg aro -Bxpf^nre 
lo moisture and dryness altcrnatidy, which cause r(^)outed Mwi>l>ing 
and shrinkage. This ulbiraatiun of swelling iiinl slirinkiigo results 
in the complete breakdown of fibre cohesion, rapid oxidation, and 
filially the timber is converted into powtier. This form of deeav is 
calloil “ wet rot.'* • 

The moat eoriotie form of decaydn timhor that known as 
“dry rot," a <lfReas<«*or fungus growth wHiicIi is sproniihy germs, 
Tlies^germs aro oapnhio of lying lalont for un indnlinito porim?, 
nntll tiioy find thi'insolvos in siirroundings fuvonrahle for their 
growth. All limiiur, sensonoil or otherwise, may lie infected with 
tiiuso germs. Having once obtained lodgtnuent, tho g('rm.<i await 
sorroundiiigs favoiirahle to their growth. Kncii snrmnmlingR occur 
in warm, (lamp and unvontitated sitnatiuns snoh as in eeilars, or 
beneath floors wliioli are oloso^lo the giound and also where tho 
wood is boxed in by air-resisting har<l plaster. 

* All timber should thorefuro bo well ventilated when fixed in 
imition and thoroughly seasoned liefom fixing. • 

In India the most iujiiriouB inseeU are tbo white ants and tho 
goon. The latter only attacks soft and unscasoiieil wood. The 
natnra] resistance of^ timber lo doisty is incroastei hy .artilicial 
meana 

Many ohoinioal prooomes have Itnnii piiC foAvnrd, which consist 
of forcing various preBerv.*iUve and steriliHing liqitids, sacli as orosulo, 
into the pores of the wood. ^ 

Generally W) order tq keep timiier sound i| should bo kept free 
from-all moisture anti be welt v«nlilatu<i. I*a1nting or tarring pnt- 
Serves timber providnd the latbw is thurocglity dry and well 
wasonod, otherwise it only cunthies Mie sap and moisture and 
oanses rot. 

OkirUtflriflHOt of gootf ttmlMr.— Good twnber shoiijil he rrnin 
(he heart of a sound tree, entirely free from sap, the wood nniforra 
in siUistanoo, straight ^ii fibre, free from huge and dead knots, fiawB^ 
shakes or«»blemiHhe8 of any kind. Tho ouiour of gocu^ timber is 
aniform throughout. Among onlonrod tiinhurs^ durknosC' of colour 
is saltj to Indicate strength and durability^ Good timber is sonojons 
when Btrnck. A dnil heavy sonud indicates decay 



, ftkirNlM. -All tlmbot restini; on or kliiod in aasoiitj slioolil 
be well coateil t'llb boiling ooAi mr, Tbe eoile of ell timbers set in 
maeonry shoniii bare a apace left* on bitlier aid^ to permit of free 
oironlationofairronnilil , ^ t 
No wood irork of any sort pld be8etfi(bin2feeto{aflne 
orlire-plaoe. o 

The strength of tbe same Jnnil of timber raries considerably 
ilependii|g npon tbe nature of the grain and amdnnt of moiatifre 
prosonL One-fifth, tbe bnaking weight is the bigbest%l that 
alionid be placed on timber, A facl/irtf safety of 10 is taken for 
<pillars, posia, etc. , > ^ 

Tbe lose of water while seasoning timber gave rise to an old 
forinnla that wood is not snfiicienl||y seasoned, t,e., dry, bntil it l|ad 
lost one-fifth of its weightdf reqniml for carpentry, and one-tbird if 
lor joinery, < ' 



CHAPTEf^V. 


iNiinta and Minting, Vf rnlatia^ Bolta and Ntita, NailSi 

SoMw^ ata. 

• ' 

Patntf. 

Dtflni^onti—Vuint in nn iniperTions ouat lni<l on the eiltfucea oH 
wood, ir^i, uiid even Htogo work to prolasct tht'tir from the nfftwtH of 
the atmnaphere, and also for 4<icor.iUv<‘ pnrpnnen. 

Paints coilsiHt of :— 

• 

(a) uliaHo, 

(ft) n T^hicUs or carrier, 

(fl) M drier, 

(ef) a oolooring pigment, 

(s) a BoWent. a 

The Roafl detormines the character of tho paint. ^ The foll^fwing 
materiale are geiierull; used in l)8««:— * 

• Whitd IMII in that mnet usoi as a base for painting all ordinary 
hailding work. It has a gn*ater covering power tliun yther liases 
and weathers well, but is liable to sliscolouration by sulphuretted 
hydrogen and baa objectioiiablo (Miimnnas properties for which 
reuBon its use ns a base is forbidden ink'raneo. * 

IM laad is chielly nsed us a priming coat f«>r wocmI, and nian as 
a base for some red paints. It is not durable wboii iixposnil to foni 
air, aoIdB and metallic bsUb. 

ZlM whita is tbo basis of most idae palnia and Is not Hablu to 
dlsoolonmtion by sulphur os is the case with lead painls. It is how¬ 
ever OilUciilt to work, has less Ixuly than wliiln load and Is Ichs durable. 
Lead drbirs should nni. bo ustftl wkh aino paiul. It may be tinted 
with ordinary pigments MU<1, if used judicioiiHiy, costs lea* lliuu that 
*of white leuJ-v 

* mills gf lnNI*is used as n iiaso in painU, chiefl^ for painting 
iron work. The tints nbluinahiu vary from yellowish brown to 
black. One of the luMt known paints of Umb class is OlpborPs oxide 
of iron paint, largely ased f4ir paintiug iron work. 

VthlelAi.—A vehicle is »liquid of a <hr]pi)g fkafnn*. It disBolvoB 
and holds the bases and pigumiits in snsjiension, and enables the ]>ainl 
to be laid on in tbiii niiiforui ouals, uud to enter tho pores of the 
material wher& it hardens and forius a Tiursble and iniperviuns 
skin. * • 

The oils generally useil are UnwMd oil. i>oppy oi|, and nut oil. 

DritPt.—LinBoed nil dries by alBwrbhf); o.xygrti. This absorption 
of oxygen may be accelerated by adtling snbgtanc<>s cnntuinirig a large 
proportion of that ulemiuii, 8.g^ litharge or reibleud. 

Utkarg* is most euinmonly tbe proportion l)eing about 

) ib to a gallon of oil,. • * 

IM imd is often used when its colour does ntit.siffect the 
tint, • 

TwkkMi is a solution of one of the driers in oil of tQrpenfl 4 )e, 
It is nssd for paints that'ure reqnire<l to dry quickly^ • 




^ PI0MM are oolotirlng mattora, need to gi^TH opacity and tint 
ft) the paint (or^rnainontal pT|tpoHea. They oonsiat ot earthy metal* 
lie and animal aiibabuicoa, and are finely ground in oil for oil paints. 
Th(> following are the moat common ' 

7}Iacji;«.-*-Lamp black, Tegetable black, iTCft'> lilack. 

Blum .— I^masian blue, iadigo, 

Y»Ua\D $.—Yellow oobre, chrome yollow, raw Hienna. 

Bttowna .—Bnrnt nmbor, raw ombor. 

/fade.—Carmine, red load, vermilliof. 

Oreen ,—Copper aniphate. «- 

* f • 

sdlnnti—Oil of tnrpentine is used to thin prepared piintvtb 
make them work mni'e nmootiily. /(niMMl in excess it fiattoDR coloi^fa 
whioh are not thon daroble:' English turpentine is loo pnngoeit for 
indoor uae. « ■ , 

Ppepar^M of Polllto* —The hase is first thorongbly gronnd in 
oil and rnjxed with oil or Hpirita of tnrpeiflinn to the reiinired con- 
aistui^ey. The pigmeu.t is now gronnd on a fist elonn nr in r enlonr 
ml]l with oil until thoroughly mixed and thon renderod finitl by the 
ntidition of oil or spirits of torpentiiie and mixed with the base that 
has already been prepared. 

Polotiiig. —The iirupamtion of the snrfaee previous to painting 
roiiniroa a mnoh suporvislou as’the octiiai iippiiontion of xwint. The 
Bhalimar l\iint Company, OnUiitta, give useful directions ^>r )>aiiiting 
Ilk their pamphlet. Hpeakitig gmtorsdiy, it is only neonesary to paint 
wood work ex|MMed to the w«M\th«r and steel work. Wood biling 
would snfHoo elsewhere. 

All wood and iron work exposed to weather should receive four 
ooats uC paint. Three coats is siiHioieot fur the interior work. 

Paint should not he applied to wood work >iQ]e8B it is welt 
seosuned. All surCacss to be paintml phoald bo thoroughly <V'y, eleun, 
smooth and free from rust, 

A priming coat, without coloistfng matter, should first be sppllod,* 
after which pll holes and cracks should be atopi^ud with putty and 
all knots killed with quickUme. 

For fine work each oout should be carefully robbed with pumice- 
atone or glass-paper and tlusted boforo the next coat is added. All 
paint should lie laid on evoiily with brnsbes; the work shonld shew 
no hair marks or drops* of paint; each ooat shoiih] be allowed to 
dry thoroughly Iteffire the next is laid on. Old work should be 
cleuued with iimowaah .and rubbed down with puiuiee. If old 
paint is blistered, rub down and scrape. If it is greslsy with smoke 
mix the first coat wifh spirits uf turpentine inatead of oil. 

e 

' VnenlMt. 

Varniah ia a solati^ofi of resin disso>vod either in oil, spirite, or 
water. It is need to preaeryo painted work exposed to the weather, 
and aiao to improve the apiKwranoe by covering U with a shiny 
transparent coat of robin. There are several* kinds of resin used, 
the prinoipul being umber, gum aniuio and copal. ^ 

bnbtp is hard, (furabU und tough, difflcuU to dissolve, sfpw in 
drjng, keeps its colour well, but ia very expensive. 
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8mi MklM ()«rublo, tough auU hard, dries quickly but it 
subject to cracking. ^ * » f 

QOpKl ia oonsldored the beat. It is iluntble, iougb uud bard.* 
Prtan.— Lithargu or lead acetutu il usually add«^ to acoulorale 
drying. * • , 

Good varniah should be quick drviug, hard, tough, weather well,* 
and have a good gloaa. ^ 

The p^puralion oC varnishes ia difficult and it is T>uLter to 
purchase them ready prci>Ared, . « * 

Fraiok polish V> a varnish work^l upon the surfuuiiB uC hllrtt 
wo^da t» huighton the eiTool of the grain. It is iippliod t)y rubbing 
01^to the EftirfaCA with waddtog^noloatvi in liiiuii rag. Vurnisbiiig 
shouldjio done in dry weather as far ae iwssible. 

OlllBf WOOdvaork.—Oiling is m«.oli iiiorM’i'amomical tlitiii paint¬ 
ing and may bo adoptod witeru SMUidiliuus peniiil, e.(/.^w]iere ibe 
woodwork ia nol uX|> 0 Huxi lu thu weather. lfr<«t|iienl sqqiiifatioiiH of 
raw lioBqed oil rubbed iu well with rsig giv«» a»lliie iiolisb to wood¬ 
work. • 

The following furuts u good oil coating fur wooiJw«>rk :— 

II lbs. dnuble-builed liiisuu«l oil. 

] lb. turiicutiuo. 

1 11). heuawax. 

The oil and wax are heated ill a vonsel over a slow lire till the 
wax iff uieltod. When the mixtoixi cools the larpenllue is added. 

Fasteninpa. 

Mtt, nuts, rivuts, wsshsps, nails, screws.—Holis mo iron pins 
with asuw'w tlii'eail on one end jind an expimdeil head at tho ollioi, 
liy uieaiiH of a nut the fastening is oolupieted. Tlioru are iminvrous 
«arieti»i of furtu. 

Calling tli8 diameter of the shank of tbo boltd. tiiu fulliiwlijg 
proportions may be used Diuineier of bead 2U, ; ifbpth of head 
^rf., dlamuter of nut 2d., depth of untii.; diuiuoler of washer Ikf., 
depth of washer 

IHvfts are not ao* liable to bocomu Ioosh when aulijouted to 
wear aa bolts ^d nule, and are iherefinri# prdfufhblo to Iho latter 
for oouatrnotlouul members that are not roquir»d*tu be taken apart. 
It is not uanal to make rivets of a larger diameter than 1 inch. If 
required of greater diameter, bolts ore uaenf owing to tho dilKoulty 
of snapping up the head£ ■ 

Uiveta are made of tho boat wrought irou u( mild shiel either 
by hand or niaohinery and buCnro they aso Axed consist of a ahank 
Burmonnted by a head, which latter may be oup-ahapod or pau- 
ahaped. * * , 

When the rivet has been made rod hot and put through the hnlo 
it Is to occupy, tho tail end of tho shank ia formed to the shap^ 
requited. * 

'‘Bnap^ieaded rivets’* are thoso having nearly hcii^Uphericul 
heads. * 

** Gup^headed rivets ” or " snap rivetl '* are terms aometftniis 
appliedto the snap<-hoadod riveta. 
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• '*Hammerml riveta” huvo points finishod /to a ooaioal form by 

‘hammering onl^. • * 

NaiU may be either oaet, eat, or hand ur maohine wroaght. 
Cast nails are made by ruaoing luillteii iron into inenlds. Oat 
nails out by i&.>chinery ont of sheets of iron some are forged. 

(.Wire miils are i.i very ooiootba use. Those having oval sections 
are valuabla in that they have Resist tundenoy to spHt the wood. 

SpikM are large nails used for heavy work. ^ 

SOTBWS have adv&ntiige over iiaikt *iiositions where it may bo 
Mu&essary t<i take the work to pieces, or where, the wood is liable 
to split. > a. 

Firms liolding steaks nfoscrewsr generally base thetr priueSrOn 
Nettlefold's ‘ CatalogiuV** at so many annas per shilling. For 
example the priue nC i' iron surav'S No. K saugu listed at 3s. per gross 
would be eight niiuas per gross iglieu Uto sullitig price is four unnus 
per shilljiig. Hcrows of the saiuu slxeeiu Ijraas listed at (is. lid. per 
gross, would he ltd. (>er grod ‘1 when tbo selling price is six 

aiyins per shUliug. 

Hci’ewri may l>e obtained in iron or brass in slaee varying from 
S' lu 6*, and with uoniitursunk, round or sqtiure heads. Coach 
sortiwH, Fes heavier work, may bo obtoined with sipiure heads in 
longllw varying from I S' U» {*. •' “ Drive eerovvs” are used for galva- 
nise i oori'iigatoil^ roofing, (*tc.» They are driven like a nail aud with¬ 
drawn like a screw, (lluafratious of ladls, nuts, nails, spikos, screws 
huok«, hingoH, hasps and staples, locks, etc., may be seen in any hariN 
ware murohaut’s catalogue. 


Roofing rolt. 

Roofing fgita—Huoli as " Malthoid ” or ** llulmroid *' is extremely 
light, airtight and watertiglit,us<'d for roof covering. Obtain- 
ublu iu rolls IKi* wiilo and 72' long in red or green oulour and in 1, 3, 
or 3 ply. weighing ddlbs. Kh {bs.und lOt) lbs. ruspecti\eiy per roll, 
liiuoh roll covers 300 sq. feet. ' *' 


Wlntfow Punnltupo. 

r 


“ Varliiimont Inutlos "t'lro useful to onable a door, ur window to 
bu folded back agMiisi the wall. Wliea ordering locks and latches 
is necessary to stuto whether right-handed or left-handed patterns 
are required. "Tower ^Us’* and "gate itouks" art^ofteu quoted at 
BO much per inch ot<cngth dosen. 

—T'hiiigui arc usnolly demanded by the number, but 
qnotatiouH arc roueivud as sd much pur cwt. Tho weights of difTereut 
siEOs are therefore reijui^ed when making payments. The weights of 
such hinges are nut nsnally found in'engineering pocket Imoks. 
Thosu noted below have been obtaine«l from actual mcasarements :— 


¥ 


“ Steel T hinges”, ' 

I 


10 ' 

13' 

14' 

IG' 

1«' 


weigh 


lbs. pur<doB. 


10 

33 

34 
87 




n 


41 11 

1* 
i» 


» 

It 


11 
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• I 

“Norfolk latches’’ or a “thamb latches” arc snitable for, 
ordinary lodged , j 

“Hookand eye”or”buuil Hitil gudgeon” Iiiiigen are useil* for 
hanging lodged and braced d(iO|ii. In snnerior work a “ Mortise lock ” 
is nsed for panelled doors. * 

Nach leaf of b&nonod, framed tUul braced dooijinire hung with 
iron strap hinges, and aro provided wita iron bolts,/odks and eyes, 
ull^rop l)oll8 and padlock. Hrass butt hinges, ^Its, liandlijp, hooks 
and eyes a^ used fur first class doon and windows. See illuslrution 
in any Hardware Catalogudl * 

UltMlIanMui nolWand Raolpat. 

^iMt—One lb. of glue melted qnaftd of skimmed milk resisUt 
moisture. 

Powdered chalk added to common glue give/a strong glue. 

Narine flttB.~Onc of India-rnhlfer, IS mineral iiaphtba »r coal tar 
Heat gently, mix and add 2 O of powdered rhellac. Pourtintona 
slab to cool. When reqairod, heat to about ^ * 

Quick drrilk glue— Break up the glue, dissolve in spirit of any 
suiTt without bout. Cork tightly. It will keep for years. 

RUit Joint Ceincnt*-^ salammonia, 1 Hour of sulpliii]; iron 
borings or filings. * 

To romOVO pUttli-^PHlut it with nitrio or bydrou^loHc acid, The 
putty may lie removed with case after an hour. 

To Amove old paint OP varnish.— Apply a solution composed of 
I |)arl soft soap, 1 part potash ami ^ iwrt (juicklime. 

The solution should be loft on for 2i hours, after which Iho paint 
may be removed easily by washing with hot water. 

Paint hr black boardi or Racquet Courts —T^amp black 10 chit- 
tacks and turpentine li chitlacjcs. This will bn sutficient to cover 
100 square feet of surface. Product's *a dull dead surface without 
shine and does not rub otf on clothes etc. 
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l&ART II. 



CHA^BR VI. 

Pauhdatloiis, WAlls^Af^has, Bend. 

Fumiduttune hko Ihtf battuafif WAllii,coluuinB, pierii, ubutiQKiitH^t'lo., 
which Hi'H «Hi-uukiy 8uppot;^(Ml bj the earth. The ohjaot of fuumlu- 
lions U to (irimiiil inci^ialily of tu^Uleinutii, by iliHlrll)uJ<iii^*'the 
woi;;ht of lliu Mlriicti\'o«eq(ially over llio earth. This is olfcoluii by 
iiiukii)). the founiUlton wider than the iiiuM il aiipports, which aiso 
iucruHSriH <tho HUibility and conul^racia i^ioh ilamagiii^ forocb ii-t ivitid- 
l/re<»itr6, unffUtU Itk^itig. 

• LatoPftl ifAMi fe-—Slructurtni «reelo<] ou soft soils, eg., hsimI, 
out the soil from beneath the foundation nult'SH the soil is 
(lonfluud to the rei|ulrc«] urea. This is usiinlly dune by she'd |>ilinK'. 

Sliding usually occurs where the buUdiu^; is erected on tlie 
Hlo}fe of u hill. Thu weluhl of the strucliiro is llubie to Cause the 
strata of soil to elide. Thia is proveiilml by buiidiu(,' reiaiiiint; walls. 

Atmosplierio notion.—Wliero CoundHtions aro oonstrnoted*on soils 
whiuli uni reduced to mud if «x|Hiswtl to !ho rain, they most bo • 
taken down Isdow the surface of the ittnuud to such depth as will 
Im beyond the oirects of the utm<>spborv. Foor feet below the i;rouu<l 
level is usually eudluieiit for this }>iirposu. 

Wind nnd other ovorturqlng iMRMuros.—Thu widti; u>' foumla- 

tioiiB are inoroiised so that the ri-aultiuit thrust (of the over turuloK 
forces aiul the weiKUt of the wail) falls within thu luiddlo third of 
ilie width of the fouiidutiuu. 

» . • 

Soils. —Tliti design of foumlatioii varies with the iiatiiru aud 
bearing strength of the soil. Thu foUuwiug are approximate safe 
iDUxiinuui pressures on roondalions :— , 

Marsh land* qhiok saTid, silt 0 to ^ ton por sjuare foot. 

Made ground; alluvial earth, damp clay, 1 to 1 ton. 

Ordinary earth, ion per H<)uaro foot. 

Firm clay, 2 tens ^ler square foot. ' 

(iravul and sand, soft rook. 2 to 3 tons )>er s«iaare foot. 

Lime ooiicretu ‘ S to „ ,, „ ,, 

Hard rock 8 to 18« „ „ „ „ 

« • 

Tho maximam pressure uu fouadatious in Bengal is 1 to 1 ] tons 
per sqaaru foot. ' ** 

. € 

EscOfaHon ton toimdations.—When trenches have to he dug in 
Iqpde ground it is nooessery to support the sides of the eseavatlons.. 
In “ moder,ptoly firm ground ” after a depth of say 4 feet this otu be 
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doM l>7 a faw roQgh^lanks pltoad ftg^ntt the sides of the exesva* 
Uons and k^t in plaoe by «edgmg,8traa betweieaHheij (cm 12). 

In " verj loose sioils*' e. 7 ., saod or slipping olays, the plankd or 
poling boaids are nsaally pnti in kuricontaily as ** sheeting” (ass 
Fig. 18). • • . ^ 

WMUl U4 dtpth Cf fOMMtetlMli—In good 9 ^ it is seldom 
neoessary to exoavate more than 2 or 3 feet for th^»nndatiot^ of a 
siogle^toried bailding and 9 inches of concrete \pll eaflice in really 
baM ground. • ^ . * 

On sloping groand eeooomy is e^eotoil hy stopping off the 
fonndatioBP trenches as shown in Fig. 14, takhig care to give snfB* 
oieuf^vsr*lap Vhere the concrete layers anoet. For widening oat 
brickwork the offsets are quarter brick in ^treadth (that is 21 *) and 
the height of each oil set should ao> b% leas than Swo oonries. 


*4wsrf raws Vdkuoiami^ ««ss- 
OmtiHp . 
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MIt rtWIlIttlWH Tn swampy gronnd piliag may be necessary. 
Blae>gam pilee hate been foaud to last for a hnndred yoars provided 

mea may be of timber ehod v|itb iiun, irorf screw piles or 
reinloroed concrete (see Plate 15). 

A portion of a timber pile foundation il shown in Plate 15. 
After the piles are driven and their heads sawn off level, a*platform 
ie generally laid on them eo as to form a grating or ” grillage. ‘ The 
grennd between the pilbs is uanaily taken out* to a depth of 3 feet 
and the epfoe filled with concrete. Somatimee thn pla^rm is 
omitted and the bed of concrete takes its place. Tke pilee are driven 
by a pile driver which ,oonsistfl of a fading weight (called a^ 
monkey***) sliding between aprigbt gnides. 
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Brlokwftrl^ 

MlMltfMt.—A StretohM" ih a briok Uid*lea^thwayf iiutb* 

direction of c -wall (tM H, Fig. 46 ). , « 

A Nnrftr is a \}iiok raauing injo a 'wall at rl^t auglea to 
the face (eee H, Pig. 16). • • 

A OONrW io 0^7 enmpleta horizontal Iji^r of brioks in 
a wall. ^ f 

OVtPMlIlHl OOBPtat ari thorn which ptojelt *be 70 ad the face 
of the brick work bel^w them doorse by course. • 

HM 4mp protf oaurti nsually occurs from’ 6' to 12' above 
the'inrCaoe of the gronnd bat IotbI of the lowest wall 

plate or other timber let into the wall. A balf inch layer of asphalte, 
pitch, tar or bitnmeous felt may l>e psed, or •ewon glased tiles laid 
dry (see Fig. 17). 




<SriMT«HBS 

'Cfc4»«IA 
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«OAMO ITOVASI 




#Bcriors ow amo wowNOA'noN 
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AMO orOMtT TO O V PO CA T WAVW PtATCS . 


ffrlgg BbuPMB ooiialst of ornamental bands of Mckwork 
one or mote ooarses in depth, sometimes differing in omonr from 
the rest of the wail. * * 

OhMB pltMPS eve brioks cat in two length wayfc(ssl Plate 18). 

4 A 


Ulrt olOMTt are brioks oui to the filiHpe showu at X Id 
P late 18. 

AT® portions of brioka {tea Plate IK). 

BMd is term applfed *10 the arraiig<^ent of brioks in a 
wall BO that oiiotiDnoaB v«rti|af jointa are avoiadli. 

FMtlll|(S an: the lowest ooaraes of brickwork Testing on a 
bed of*coucrete.^They are made wider than the wall conrsel in 
order to dietributelthe pr^eeare over as large an arearas possible 
(Plate 15). ' • , 

Conilld Ib the lop.mo(it ceara* of a compoand wall*or parapet 
wall. {See Plate 18.) , ' *. 

OffMto are ledges fort^ed by 'ttA andden redoction of the thicKness 
of a w'all at some ^o\^t of its height. It is a coinmon arrangement 
for supporting the lowest wall [flate. {See b'ig. 17.) 

Corbelliif consists in proj^ltng ^accessive courses of brick¬ 
work ifntil a lodge is obtained. The projection should not exceed a 
quarter brickbat a'time. This tnetho«l is somotimes a6oj>tud Cor 
Supporting the wall plates of upper floors. (Sec Plate 18.) 

Bond In brickwork. —The various kinds of bond (*.//., English 
bond, Flemish boud, etc.) are only simple fixed arrangements in 
order that thore may be no dtlay thinking how each l>rick shall be 
laid BO that it may overlap tnd hold on to as many others as possible, 
and also in order that any number of men may work at the wall, 
and the work all fit in oorrectiy. Each brick shonld eloas up as 
many joints as possible, both sideways in its own course, and 
downwards In the oourso below. Contiiinons joints being thus 
avoided, Plate 18 shows how this may be done in Knglith bond for 
one brick or two brick walls. Plate Ilf shows the arrangement of 
bricks in Flerniah btmd. It will bo noted tbnt Engliah bond consists 
of alternate courses of headers.and stretoheis. I'be'overlap is 
obtained by means of Queen daaen ; whereas Flemish bond consists 
of headers and stretohere alternately in the same course. TBe 
arrsngemeql of bricks in jiiet"* is sbewn in Plate 19. The fsoul 
elevation (a b) being turned to (he tide (5 c) in alternate conrses, 
except in the brick pier where the back elevation becomes the 
front. 

Raking iu of two hinds. Diagonal and Serring-bone. In 
the former the bri&s iif tLe interior of the wall are laid diagonally 
at such an angle ^ith the face that (he brioks will jnst fit In ^thoot 
being out. {See Plater 19.) Herring-bone bond ooiisists of Lrieks 
laid in the interior of the wall raking from the sides to the centre 
lines of the wall. Plate 19.) Neither of these bonds are nsed 

in practice for walls, but brick flo<^ are sometimes arranged in 
either of these bonds. ' 

ianirml notes on* Bririework.— Ix no ease shonld bricks of 
different dimensions be need in the same work. In first class work, 
no fonr oonraes of work, with three joints, should exceed in thickness 
''wheu bnilt one indh more than the same bricks piled one upon 
another .without mortar. Bricks should be saturated ^ with water 
before Ikying. Ak unHnished portions of brickwork in sarki or 
hydraulic mortar or oenAmt should be lef^ fiooded with abont one 
inch in depth ^of water standing on it at the end of the day's work. 
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¥ha briel» shonltl thoroughly bedded and flashed with morie^^ 
la good brickwork the jolata shoilld be ahoat ^ i to | inch 
thick. The raoitaf shonld be rakid out of tbe joints at leaet f •inch 
deep, and dost brashed oat ynd the prork well wetted and washed 
with water. The mq^tar to be need for pointing sh^ld consist of 
eqnal proportions of lime aiich fine lapd in the eaee^ff lime pointing 
and eqnal parts of Portland cement and sand in ther case of cement 
pointing. The jdlnts ehonld be neatly deflnedjfy the pointing and 
the lines regnlnr and uniform in breadth. The joints may be raised 
or flat. Plate 19 illnatfat^ three methods* ot pointing. The 
weathered or strack joint is the sin^lest. Its object is to tbrdw< 
raiiaoff the horlsontal joints by sloping the mortar hack and upwards 
as i^own. * % • • 

piuCgr.—When the face work has fb be plastered, tbe joints 
sbonld be well raked out before nny^plastrr ls4aid on. Mortar for 
lime plaster should be mado of fqt or shell lime. After raking out 
the joints to a depth of at least «*, the wall is washed ^itb water 
and kepk thoroughly wette<l fur six honrs before plastering fa 
commenced. A rendering of plaster, sulbeienlly thick to cover 
1* all projections is suilleient for brickwork) is applied 
ift an even and uniform layer and well beaten for days with hand 
tappers, the plaster being wutled occaaionally with fr|ah water 
while the beating is In progress. Over this a mixture of fine lime 
and white washing lime (proportion 2 j 1) is laid, made smooth, and 
very lightly beaten. Finally the flnishing coat, consftting of one port 
flue iSne and two parte whitewashing lime, is applied and well 
polished with (rowels. Tbo complete plaster should be allowed to 
* rest for 24 hours and then be sprinkled with water at short intervals 
for 4 or 5 days. 

GtIMIlt plutgr, —^The walls are prepared as described for lime 
plaster. “Render " with a mortar of equal parts of Portland oemenl 
and fine sand 1* thick, and roughan but do not beat. “ Float’*oi 
“set” with a thin ooat of Portland cement, and polish well 
Irith a troweUor flat hoard, Tbe oement should be used within 
tbsee hours after itjeaves the mixing board or mill. ^ 

Brickwork. —The wails of all structures should be carried n| 
regularly in all eases when Che nataro of tbo work admits of it, not 
leaving any .part 3' ^ower than another. If, however, it if 
necessary to carry on the same suction of a J>^lding in anevex 
courses, the breabsshould he racked back-.so Os to maintain a uuifonx 
and effectual bond, (^ss Plate 19.) * 

IHWtC of WClIfc—Qaoins are the bricks* (or stone) forming th« 
external corner^of a building. They are frequently made oonspici 
one by slightly projecting them. (Slss Plate 20.) 

A “ parapet ” is a low wall boilb aboue the cornice which rum 
round a building at the edges of a terraced roof. Its object ii 
to present a finished appearamoe M|bc top ot*the main external walk 
(See Plate 20.) ^ * 

A “ balustrade " serves the same purpose as jc parapet, but, nnlik 
the latter,JR is pierced ^ show a row of small ornamental columns o 
“balusters?’ (SssPlate 20.) ^ 

A “ cornice ” is an ornamental projeoUng course at or near |lr 
topofa»waU. Plate^20.) 
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A. ^'strlog course L* is also an ornamental projecting conrse earrie4 
roand a bailding at Ae level oC the <lifferent floats, .(^se Plate 20.) • 
"Jambs*’ are the vertical sides of doors and windows.* (^'es 
Plate 20.) t « • 

"Lintel” is the^name given to the hoHsonlal export above the 
door or window opening {nee Plate jSO) Jr 

"Sill" Is the floor o{ the opening. The sillSj^ windows shonld* 
pMject slightly beyond the face of the wall lym be ” weathered ** 
and “ thraated ” to throw oS their drip ‘ ftfi^ the wall below. 
{See Plate 20.) 

Arohaa. 

* DtljllWoilt- —An "urcb" is*S ayeti^g of blocks over an opening 
so arranged as to mutually sapporl i^cli oU>t?r and to transmit their 
own and any superinonmbent prMsore to the anpports at the sides 
of the opening. These blocks, whether of brick or stone^ are called 
"voassoirs.” When therein an odd number of vonssoin the centre 
one is dtstingaishod as the ” key etoue.” The ‘npper surfacn q< the 
voassoirs is called the "exiradoa.” The nnder *sarracB of the 
yoasBoirs is called the "intradoa” nr "sollit.” The sommlt of the 
arch is called the "ciuwo," and it is fiaukud on each side by the 
" hannuhes.” • 

Tho sides of the opeuiug ure leilnod "jambs.” The hcrlsootal 
extent of the opening is the "span.” • . 

L'be level at which the curve of tho arch commeuotis is the 
"sprlffglng line.*' The vertical distnoce between the springing line 
• and the highest point in the soSit coBStitutes tbs "rise.” The 
lowermost voassoirs rest upon "imposts,” the opper surfaces of 
which, called " skewbacks," shoold radiate like the vonssoir joints 
from the centre of the arch. 

Where there ure a series of arches, the side eapports of each 
iatormedhite arch are called "piersi” aud the end sapports of the 
whole series, “ abutmonts.” 

* ' The "spasidril” is tho space included between the horisontal 
lias through the ^owii, the vertical Uno throogb theguoimit of the 
skewbaok, and the carved line of the eztrodos. [lifee Plate 21(a.)] 

OlMtifiQBtlOlli—Arcbeii may be classifled, according as they are 
desoribed or struck frgm one, two, three or more oeotres. 

*‘0m omtra aroll6t.”“['S«« j(fc) (rf).] When the 

centre line is on the springiug line the arch is ” %]ui-circular.” 

k '* SflflMIltal " aroh hue its centre below tbe springing line. 
For a given epop there is an nnlimited niimW of snob arches. It is 
neoessary, therefore, to completely deflne the aroh, to stale the rise, 
or the number of degrees in the angle subtending (he aro. 

A “horn lllWfl OPOh has its cetAre abbve the springing line. 

“Tow eoatro orohoi.”— Plate 21 (s> (/), (g).)] 

*‘LailOtt“ OfOhOi have their centres at eaoli end of the span. 

** ftlrtatt " or ** Drop “ orohoo have their centres within the Spaza^ 

"Arohoo With mora than two OMtroo .”—[^m Plate ^ (A), {j), 

(A).]_What is sometimes oallsd an eUipttcal" arch iS‘ described 

from three eentres, bnt as no part of t^e carve of an ellipsg is 
eironlas, such an arch limot truly "elliptical.” 





1b itrnok from fou oe&trea* two akore, a«4 
(wo below the oanre. • , ^ , 

A "Tudar" troll is Btrock from foor oeatreB, all £oar7>emg 
below the onrve. « • • 

A *‘UrtlAllt"*dr " FItt ”, trolt ^b its Boffit w Intr^oB hori- 
soutal. The joints of the vonasoirB TaJiate from^oentre fonnd by* 
defKsribing an eqnUateral triangle on and below (pm soffit, the apex 
01 the tria^ngla being the centre. (See Plate S30 * 

** leilevlllg ” or “OMllMltg” orohM are bnilt oyer lintela 
and other parta which it ia neslred to relievu of the aaperincambent 
wc^ht.« (JSm Piute 22.) * 

• **ROIIgA” trehOI consist ^ ordinary bricks laid on edge. 
Owingsto their unsuitable shape, the jointa on the extrados are much 
wider than those on the iiitradoe ajid fur tMaweaaon snoh arches are 
tamed in half brick rings. {Ste ^ate 22.) 

"Aud” orofMO or ''rtfudh out” orohot eonaist ol pricks set 
on edge^nd having their sides roaghly cnt to tiio required radiqs. 

" BoUgid OrohOi ” consist of bricks firat out, And then aosu- 

f ately rubbed to the neci'ssary shape, so thut their sides radiate truly 
rom tho centre. 

Invortod orchos are nsed for digtributiiig the pressi^ of piers 
over as great an area as possible. They have their centres above and 
their crowns below tlio springing. {SA Plate 22.) • 

*'Giroiilar drolHt” may be eonatrnoted in brickwork when 
pipes are nut available. Plate 22 shows a drain oonstractod of two 
half brick rings. 

" Govorod d^ain/* —Another form of brick drain oonslsting of a 
semi'Cironlar inverted arch covered with a flat stone is shown in 
Plate 22. 

*'Egg^hl|IOd WWOrfl."— Tlth proportions of such sewers vary 
^apeordiug to oiroumstancea, but in all cases the invert should have a 
quick eurvs tit radius not exceeding 9* and the crown sbonid be a 
S0mi-cirole (Plate £2). • 

Muonryt—Many of the terms explained nnder '* brickwork *' are 
equally applicable to masonry (stone work). Bystematio bond is 
more diffioult to arrange in masonry, owing to the waut of uniformity 
of sUe and shape of the stones used. * ^ • • 

Except in ''ashlarV work no general rules can be laid down. 

Two methods however may be r«»ferred to: 

*'Dog tOOtla” boad opneists of headers overlapping each other 
from opposite faces of the wall at regular interVhla. {See Plate 23.) 

"Tkmgk bond” consists of ^eade^B which )'nn right through 
the wall and appear on both faces. {See Plate 23.) 

Masonry wailing mav divided iiita two main classes, vis, 
“ ruhUe ” and “ ashlar " work. • , 

Eaoh of these again admits of Beveral BubdivisionB, bo that the 
two olaaseB gradnally^erge into eaoh other. • 

- BrMddy speaking, the distinotion between rabble %nd ashlar 
work lies in the fact that the former is done v^th stone^dressed by 
the hammer only and has coarse joints, while ashlar work has^the 
stonesdeeased with the chisel and is fine jointed, “iffapdom rubble" 
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U the roagheet kind of rabbje work. It ooneiste of roagh stones 
'osed ,wIthoat an; (fressing beyondtthe oooasional remo'ral of inoon- 
Teoient projeotiOQB. The mason pioks the stones* at random from 
his heap and works them info as perfbot bond as possible filling the 
caviUee with snull stones. • s, 

Bandom rabble is of two Unds^ ^nnconrsed’* and *‘conrsed.” 
(5« Plate 23.) \ ^ 

OOUri4d rubUt'* (am Plate 23) have the coarse lines 
maintained throogKott. .Where the atones are large and heavy, as 
in 'the case of retaining walls and qnaj^, this kiml of work is known 
as “ Blook-in-Conrsh " or HaAimer^Klressed Ashlar.” (8 e Iglale ^3.) 

(Note the distinetion between ** Blook-iD*Oonr8a ” and ” Block¬ 
ing Coarse,'* the latter being ibh'topmost i;oarse sarmonntiQ^ a 
cornice.) ” Ashlar wqrk ” (Plate 24) is divided into two divisions— 
” Irregular Conrsed ” and “ Hegntar cooned,” 

Irregnlar conrsed has the conrSes of varying height and the stones 
of varying lengths. 

Hagnlar conrsed Work has each course of eqnal height «nd the 
stones laid alternately as headers and stretchexs. The joints in 
Mhlar work should not exceed Round the edge of each stone there 
should be a ” draf led margin ** to ensure accurate setting. (Plate 24.) 

The 8oCter>kiuds of bnilding stone are in good pro]iortion$ if the 
breadth and depth are equal,' and the length about three times the 
breadth. The length of the herder varieties may be greater. Hollow 
bedding should be avoided. The weight of tho upper masonry 
bearing on the outer edges of the stone causes fracture, as illostiated at 
XX in Plate 24, 

The face of each stone is generally worked smooth, but it is some¬ 
times left rough, or rusticated as shown in the plinth. (Piste 24.) 

Various methods of ” dressing ** the quoins are shown in Plate 24. 
Stone copings are shown in Plate 24. Where greater security is 
essential than can be obtained«by the adhesion of mortar, metal- 
fastenings may be used. "Metal cramps** are made in the form 
shown in Plate 24. They are let into a groove which is then rdn* 
with molten k'ad (Plate 24). Owing to galvanic ac^on’set up between 
iron and lead the cramp is often made of copper or bronze. Another 
objection to lead is that it contracts on cooling and has to be 
" caulked ” with a caulking chisel in order to fill up the cavity. 
Portland cement, oi^a mixture of Bulphor and* sand, are frequently 
need os sabstitutes. " Lebd plugs ** (Plate 24) are formed by pouring 
molten lead into ddvetail cavities. The bottom of the cavities slope 
downwards in order tbatk it may be thoroughly filled. "Dowels** 
consist of metal, or slate or hard atone, and/re rectangnlar, diamond- 
shaped and eircQlar,'or tapering in shape. They fit into sockets out 
to receive them. <Piata 
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QHIkRTSR VII. 

CKPp*ntpy and Jolfiat>y^Oa«»t*a|pg, Doors and Windows, 

Joinera’work iB oonoeriiod;,wit1i interanl in a bailding, 

a^ diatingnifibed ^rom the carpeBter*8 work, whose province in a 
bnildiug.ia “ atraolural.” The earpmiter uses timber in pieces cof 
large size, the dr^nng of which is not so eBaeniial as ia<t1ie case of 
joinery. *' • , ' 

• * ■ 

DtflnltlOllt*— An Arru is the sharp edge of piece of timber. 
“ Chamfering " consista in taking the edge off the arris (see Hate 
2i>a>. When the chamfer ^'slonedetr carved at any point into Che 
sqinare edge of the arris, it IS oailed a“ atupped ehatnter," A »jdag 
is a wide chamfer, ifaueing is letting the whole end of a board or 
other pieccsof timber into another piece (Plate 2rift). In framing 
(fitting together by suitable joints, separdte picooa of timber, so as to 
forn^a single piece rK constdarahle surface), tbs vertical nembers 
are called the horizontal memhcis rath, and the spaces 

enclosed by these panels.'* 

MSUldlpft.—A nosing ia formed by rounding off the edge of a 
step or projeofing board (Plate ?5<;). When the nosing is large it is 
called a Torus and is then used with a Fi/le/ or narrow strip placed 
above the Torut (Plata 2i3r{). ^ 

An OvOlO is half a nosing and is atao surmounted by fillet 
(Plate i5e). 

Doilllln Ovolo mouldiiigc are often used for window sash bars 
(Plato 2r^). 

A Bolnotlon Moulding is one which projects beyond the plane 
of the framework of a door (Plate 2^>g). 

Sotds are mouldings of sinail girtb. The indentation at the 
Bide of a bead is called a QufrA (Plate 2.'>6X ^ ■ '■ 

A staff, angle, or Rotum Ooiui is formed a^ngan edge for the 
pnrpose of improving the appearance. It is also less liable to 
injury than the sharp edge of an arris. (Plate 2fiJ). 

RoodingO o series of parallol beads arranged close to each 
other. < « 

Joints. Lapping is t^e simplest way of joining two pieces of 
timber. Tho end of one piece is made to overlap the end of the other 
piece, and they are seoared by straps or bolts. (Plato 25k.) ' 

tutting and Rohlng.—Plate 25fshows‘two timber beams, having 
their ends truly ^'juared and batting against, one another, t'hey 
are secured by means of pieces ofc iron, called fish plates, throogh 
which bolts are passed. 

In Soarflng or Spliofng the joint ft formed within the limits 
of the thickest of the pieces to be joined, by means of corresponding 
.projeotlooB and inden^, which are fitted together and the pieces 
secured by wedges, keys, bolts or straps, with or without Jtsh plates 
(Plates 2&»i, n,p.)^ 

•Plain halving (suitahle for joints in wall plates) (Plate 26a.) 

00vatall«halvlng, also used for joints in'wall plates. (Flhte 26h.} 




■PLKTEZS (cj 


.61 



















63 


NOtoMafi (Hats S6b.)r Cogging it a modlfioation of notcbin'gr. 
Cog^ng bafl bo advantage over notcbino In that the joist Is not 
weakened at Ibe point of support. <PUte ^ 

Mftf f iiia t h is tbcf term applie^& to ^n ^gnlnr notch. (Plate 2^.) 

mgptiM Md Tany^—Joints arelronneutly used in framework. 
The thioknesB of the tenon is generally*nfoal one-third that of the 
pivoes on which it is formed. The rectangular recess which receives 
Ihe tMiou is called the mortise. (Plata 2ll/.) « 

Obll^llS TtaonS are nsed i|i cases where the pi|oeB to be joined 
do nut meet at right angles, as imthe esse of the foot of the principal, 
rafter of a root truss and tie beam. (Plate 2CpO 

o iHVtiM.—When a poet or rati has to he tenoned at each 
end into pieces which are already a gropvo hue to be Cut leading 
to the mortise. (Plate 26A.) 


o^tartilg. 

Wood centres (or centering) are teuipomry frames, built to supp<yt 
brick or stone arches daring the process of bnilding. 1*hey consist 
oF Whs or pieces cut to the required curve, across which are nailed 
narrow battens or laggings. The ends of tho ribs ri^st on folding 
WMfaes through which the weight of the arch is transmiUed.to the 
props. The object of the wedges is to* allow tho centering to be 
grednally lowered, so that the arch ma:j not bo stvained by uny 
sudden settlement. Plate 27 illustrate centerings snitable for small 
and largessrohes respectively. 


Doopa Sind Windows. 


PQgfg,_Ko'ralee can be laid down for the proportions of doers t 
6' 0" is ample height for internal doors. Bedroom doors should not 
bo loss than 2' 6’ wide, silling room doors 8' or .8' 6' wide. Width is 
more essenual than height, as few mhn can touch 6' 8*, whereas a 
narrow door is awkward for servants carrying trays and makes it 
difficult to move^rge pieces of furnlturo from one room to another. 
Single doors over 3'<* wide should however l>e avoided. If it is 
neceseary to have a wider opening it is better to have double doors, 
in which case the width of both doors should be at least *' G*. 
iiarrow doable doors objectionable. Persons entering and 

going out jostle one another, and to enter with .a trey means 
throwing open both doors. External doors shtRild n^ver be less than 
5' 6' wide for the sake of appearanoe as well ns for utility. A 
common rule for else of doors, in India, is height = width -h 3' to 

3i'. • 

doors._Dpors are described according^ to their con¬ 

struction as follows s— 


Ledged and braced. , 

Framed, ledged and braced. 

Panelled. 

Panelled and glase<d. 

Yenetianed. • 

k lodiod Md brMOd door consists of bearding i* to 1' thielL 
streogthSed at the back .by three cross ledges and two braces of 
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■imilar thlokness. The bcaoea ehould always slope upwards from 
the side on which the door is hastj. Plate 2^ (a)J 

FrMNd, kadltdjHMl hr m i <doors are >£ ^^stronger oonstructlou. 
The frame, 1^* or 2* thick, eoysisUtof awo side stiles and a top rail 
teponed into them, fin the oatside is ^boarding of half the thickness, 
and on the insid,e are a luck wail, uo6om rail, and two diagonal 
braces, also half 'the thlekneas. These are all tenoned }nto the 
fraifle. The boardibg is tongaed into the stiles and top rails, ‘Snd in 
addition is hailed to the b|^Cfls and other rails. ' {^’ss Plato 28 (6j.] 
hotb these typea of door are bpng on the dDDr*frame (“chokut’M 
cither by strap or butt hinges. A pan*/itd dwr ipay have one (fr 
mor^ panels. A aiugle panel is effective in appearance, and 
proaidM its *BtlleB and rails are pt lease 2* thick, its panel corres¬ 
pondingly thick, will remain straight and ttue. Two-panelled doors 
are best when the width does not pxcead IV, «ior the height 6' 6". 
Six panels arc nsaally foand in doors over tl' C* high. [6 'm Plate 
28 (e) and (d).} « • ^ 

Pmalltd ud gland doori.— As a rule only the portion abpve 
Ihe look rail is glased. * ^ 

* In Vanatian dOOPf the panels are snbstilnted by Venetians. The 
blades of the veaetians sUonld be 3i' wide, |* thick and should overlap 
aboat half their width. The blades are aacured to a moulded slsnehum 
by brass hiuges. The frame of each ahutier is rebated ouMJe on side 
and bottom rails, and fnsids on the topsail. The ends of the blades 
are ruurvled off in the centre to |' diameter and i‘ inoh long, to fit 
into holes In the rebated portion of tho frame. Plate 22>.] 

Frunlng Qf dOOI%~-The different parts t>f a door are framed 
together with mortise and tenon joints (Plate 3U). The top rail has 
a haunched tenon [Plate 30 (6)]. lutennediste rails have sioglu 
teuons [Plate 30 (c)j. The bottom rails have double tenons, usually 
luiancbed (T'lute 30 (dj]. Lock rJila have double haunebed tenons on 
t^e Ranging side [Plate 30 (e)] and a pair of doable hannebed tonoiis 
on the striking tide [Plate M 003* reason for the four tenons of 
the*liitter is to allow^paoe for tho insertion of a mortlse^lock. 

ThitMoitM of doors. —Doors are from li* to 21' thick according 
to sise, kind of wood used, eto. 

• 

Positions of look r^l. —The propurt^os oC« doors are often 
spoilt by having the lock rati loo low. TIfe beat height is 3'from 
the floor to the centre of the ralL * 

POtltimi of doors.— 'Dtmrs ehould always open so as to conceal 
the room as much as possible. A ** right-hsnded floor " is oue that 
opens inwards to the right. Left-handed doors " ppen inwards to 
the left. The “chokuts" are fixeXo the walls either by holdfasts 
(Plate 31) or by coach screws driven through the ohokut into wooden 
wedges or plugs. The latter ier« bnllt into th9 ^all ut intervals of 2'. 
The top members of the ohokut are sometimes projected into the wall 
on each side of the door opening. Doors between bed rooms or 
between b^ and bath rbom should be panelled. ’ 

Windows. _There are no hard and fast rules fgr the proportions 

of windows. In dwelling houses the area of«lass should be equal ^ 
one-tentl^ the superfloial ^a of the room, la sohopls, offices. 
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laboratories, eto., one can hardly haTe too mijoh light, The area of 
glass in these^hoojid be eqaAl to c^se-fifth the saperfioial area. 


h«iehorCaNlientWlntfOW.-Fiate32a is hinged Tertioally in 
two leaves and may be hnn}: sO os to open either inwards or ont- 
wards like a door, the lytt^r arrangemeifti being preferabloMn 
exposed situations. It has*a solid* frame reoeasod into the brick 
work. To this the sash stiles are hmtg and a weather-tight joint 
formed by a semifCircular projection on the stil^ fitting into a semi¬ 
circular groove ot^e frame, Plate 32^nde mpke tms clear and 
a|BO show the rebated'joint of thetmeoting rails, protected on the 
outside by a cocked bead an(hiillet and ooooealdQ on the inside by a 
quirked bead. « ' ' 

A vertical section is shdwn in Plate 32 Thu window ia in' two 
parta, the upper fixed light being separated from the 'casornkt by a 
transom. * ' • 


The g[azing of the fixed iighUs done with beads secured directly 
to the ffame (ohokut). The transom l^sdts upper surface weather¬ 
ed ud its inside throated. ' • 

The oaseaent proper is moulded on the inside and rebated for 
g^lasing on the outside. One of the two horisontal sash bars is ahown 
in section in Plato 32c. One method of making the joiut between 
the loweirail and the sill weathe^tight is shown iutbo section. (Plate 
32 1.) 


A Pivot Window consislaof a single sash hung to a aolid frame 
by means of two pivots attached to the stiles and iitting into sockets 
in the frame. The pivots siiould be placed slightly above the centre 
line in order that the window may h&re a tendency to close ilselff 
The lower half should swing outwards to prevent ruin entering over 
the top. Fig. 32s is a vertical section of a pivot window showing the 
window closed, and open (dotted lines). The upper half of the 
outside beads iiro fixod to tlie sash and move with it, while the lower 
half of the inside bead and the* upper half of the outsidb bead are 
nailed to the frame or choknt. 
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OHi^PTBn VIU. 

I^IOOPS and eaiilnda,«Doafa and Roar oSvarInga. 

The types of floors gADerall| employeii iu Iii(A« are as follows : 

Wosdn floors usually employed iu hill stations only, owing to 
the destructive agency at work on Umber in the pl&ina * 

Brioll*OII'OCl^ flOOro>'T-This a eommoa type for a ground floor, 
l^ei surface is prepared by eKoavating (b the deptu necessary, care¬ 
fully IsTelling the 'surface, ami finally ramming* and consolidating, 
On the bed thus prc)tared a layer of dry sand 3' deep is spread over 
which is laid a course (or, Iwo) 6f brick in mortar laid flu^ The 
brick on edge is tlicn .very earefnlly laid, either in parallel rows 
breaking bond, or herrmg-boue bond. The mortar joints should not 
exceed S'. •.Brick-on-edge doors nro suitable for store rooms or 
godowns.' ** 

Tift or flot-brlek /loorloi, —^The bed is excavated and prepared 
as for briok-ou-edge flooring. A layer of 6* of brick concrete is then 
laid and well rammed <lown. Over this is laid paving tiles (or bricks) 
set in mortar, so aa to break joint. Oare is neceeaary to insure a 
perfectly efen iin<l smooth floor (teing obtained. The joints shuuld be 
rubbed aud ouly the hardest and beat bricks used The joints should 
not exceed in thickness. Ju damp locaiittes and iu places Infested 
with white ants, a layer of pure dry sand 3' deep may be spread 
under the ouuorete. Flat brick floors arc sometimes provided in 
unlmportuiil rusiileuliul buildiugs and olliCcs. 

Terciood floors oensiat of O' of concrete laid on a surface pre< 
pared as Cor brick-on-edge flouring aud well tummetl. To obtain a 
smooth Hurfuoe, the o<iaocetti is lilrarally sprinkted with water 'while 
the final beating is in prugroas. The;nrater should oontain sfur and 
bael frnitlutiiepi'oportiouof llMeerspwrtog seers bael fruit, to about 
half a barrel of water. When the hating has been completed the 
surface is softened with pure water, and the mortar which has risen 
to the snrface* by benciug is smoothed with the Vaoe of the trowel. 
The floor shouhl be kept thoroughly damp for about three weeks after 
it is finished. Terraced floors do not wear well pnd are not reoom* 
mended. • 

Stons fist floods. —Tbs'earth filling sboiild be levelled watered 
and well rammed Watil completely consolidated. For inner floors 
the surfaces should be per/eoily level, but iu verandahs an outward 
slope of one iu forty must bo given to (he completed floor Six 
inches of concrete is ftow laid and thoroughly rammed. The scone 
slabs should be laid over concrete with joints aot exceeding 4' and 
should be evenly and firmly bedded flash in mortar, no hollows being 
left. The stones, as fur as pojsible, should be of one sise. but not let^ 
than 14* by 14'. They,should be from IV to Ij' thick. 

• 

PfitMt stons floonn^ is much used tor hospitals, or bath* 
rctoms, paveineuts, etc., owing to its durability and non-absorbent 
properties.. It consists of Indian patent stoue made with slag 
ballast obtained from, the Indian Patent Stone Company, Oalontt^ 
It*ie laid on four Inches ofl concrete which has been rammed on a 
surface prepared as dasoribed for stone-flag floors. To lay thtf stone 
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thin battens ititranAstre plaoed aaiformly on the bed not more* 
than 6' apart, and having a depth eqn^ to ihatto which the stone 
to be laid, say 1*. ' * * » * 

A mixtare of Portland e^enianr^ sing la then prepared in the 
proportion of one to.three. *]^hesft are thoronghly mixed dry, after 
Irhioh water is added nntil 4he nfij^nro is of the oonsistenoy of 
mortar. This mixture is then spread evenly between the battens on * 
the concrete bed, Vie latter having first been thorongbly cleaned and 
wetted. The mixtnre is well beaten down ’wooden mallets. 
More of the mixture is itov^ spread on top of the hoaten Bnrfaoe, 
and the straight ^ge drawn over the batlenq till a flat smo&tb 
sartace in obtained. This snrfaoo ie now rnbbed and smoothed over 
wi^h a trowbl after whioh tho fiopj; ie left nndislurhed for 12 hours. 
The floor la than flooded with water acd the surface of the floor 
kept nnder water for 10 days. Ono hundred sf)nare feet of flooring 
1 inch thiok roqniros 10 e. ft. of slag and e. ft. of cement 
(measured dry). « * * 

FIPfl*SMtfltlll^ flOOffl. —In public baildings*!! is of the greatest 
importance to prevent the spread of Are, shonld oife occur. Fiye* 
resisting floors largely effect this prevention. 

* The materials composing such floors shonld be fire-resisting, or if 
liable to damage as in wrought or cast Iron, must be«priiteoled by 
fire-resisting materiHls. * 

Wrought Iron is liable to warp ifnd twist nnder tho action of 
great l^t. It may be proteote<l by terra ootta blnoks or by plaster. 
Cast iron will crack and split, if greatly heated and then subjected 
•• to a stream of cold water. 

Wood is sometimes protected by asbetos paints. 

Brick and terra ootta are good reVsters. 

Concrete and plasters resist fairly well if largely formed of gyp- 
earn. Somo types of fire-resisting floors huvo mild steel acting in 
the concrete ss a reiiifordag material. 

” When exploded metal is used as a reinfororment, tho main beams 
are nsnally rolled steel joists, and the expanded metnt (in section) 
forms ^ per cent, of the ooncreto forming the slab. Fig. il3 shows 
section of each a floor. The “ form” or centering used lo support the 
concrete and expandet^metol during construction is also shown. 





^ite 34a shows a flr^resisting floor In whioh the ruiuforeement, 
consist! «f Johnson’s steel wire lattice. With this kind, of rein¬ 
forcement cement concrete floors 3 to 6' thick , 0 Bn be censtmeted, 
with rolled steel joists, 7 to 10 feet apart,,dantnto esoitre. and vsiU 
carry a^alc workipg load of 14 owt. per sqnaic foot. 
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Plate 34& ihows a floor in which, the rolled steel beams are pr<^ 
acted by flre>proof blocks, with brick arching between covered with 
lonorete. • * t • 

The blocks are made of fire Clay, in lengths of 9* and have a 
ninimnm thickness of 14 '> • * * 

•They not only prelect tho rolled 8tee{beams bat act as skewbaoks 
;o the arches. 

Ihese brick aaohea are sometimes sabstitated with specially 
noalded hollow blocks of terra cotta fitted in bei^^eii the joists to 
!orm a flat arch . The blocks gre grooved on* the niider side to 
)eive the ceiling plaster ($ee Plate H4c). ^ 

Jl&k VChH and rollad Staal jriat flfiort are soitablo for all 
loork above the groond floor. (Pufl5 31d.)a 

The arches may be of concrete or bricks, anti are supported on 
rolled steel Joists, the springing bein^either from the lower or the 
upper flanges. , ^ 

The joints are placed parallel to each other ak snitable distanses 
tpart, varying from 2* C'* to 4' according to cirenrastanoks. Tho risew 
at the arches varies from 4* to fl' according tu the span adopted. 
The thickness at the orowu is 6 inches if concrete is used. 

The sofBts are plastered and the top surfaces of the aaohoS either 
Bnished off with cement plaster or slbne paved as desired. The 
work should be kept dump while in progress. Portland cement 
Qonorcts ehoald carry safely 500 to 600 lbs. per sq. ft. 

The '^ost of the arches mast be provided for either by soffl- 
(uently massive or battressed walls, or by iron tic rods. 


Cdilnn*. 

Ceilings ore of varioas kiads, suoit as plank, cloth, lath and 
plaster, plaster qp expended metal, etc. 

|gl plank Mllin 5 fi«the planka may he fixed direct to*the purlin 
ratters, leaving the main timber exposed to view. 

In flat roofs of uppqr floors tho main beams are varnished or 
painted and look well koongh for auimportant buililings, bat for 
better work, it is usaal to add sospendeU cMUogs fastening the 
planks to steel or wood lathe attached to burs spaced aboat one foot 
apart and clipped to the beame or saepended fyom them by hangers. 

The ceilings nihy be papcllad for appearance. All planks shoald 
be laid truly parallel ot perpeadloulor to the walls, and be fixed 
with brass screws, the Heading joints^ breaking joint. The ceiling 
shoald be finished with a wooden moulding running all round the 

walls. * 

Cloth OOHloCk made of strong country cloth tied or* screwed 
to wooden frames. 

The frames are secured to tie beams of the trusses and to the wall 
plates. The cloth Is whitewashed. 

A wooden mouldinir should be run all roufid the walls. 
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LMh «Ul ^UtaP oalllagS an made \Fj attaohiog eetUng JoiaU 
to the Qttder aide of tie beams, aad pUoins split bazoos aoross 
them. The bambcos are tb^r. oovered with faster. 

Platter on tqiUllM mteL— Oeillng ban of ffon (called hang¬ 
ers) are fastened with olfps to the bottom flails of the rolled stoM 
Joists or toes, from which ^hc expanded metal is sospenrled And 
covered with ])lastor. 

Roofo and roof \ oovarlnifs.— The topmost external ooverlng'bf a 
building (called fne Hoof Corerinff) is supported in various ways. 
'Hie framework which supports the Cuvering is called the Roof trHM$ 
The term Roof IS often indldcHminately applibJ alike to both the 
Roof covering and the R<Mf truss. , 

The span of a roof is the distance Ivetween the two walls upon 
which the roof trusses or bsams rest. The span is generally 
measured clear of the supporting surfaces, the amonnt of which is 
called .the Btnring. 

' Tha piteh of a roof is its inclination to the horisuntal ; and 
taiay be atated either as the ratio of the rise to the span sneh as 1 to 
4 or 1, or by the number of degrees in tho angles between the slope 
of the roof and the horisontal. 

* H 

The pitch is determined by the nature of the roof-covering. 
Thns thatch which woal<l easily allow rain water to penetrate it 
must be laid at a ateep angle. 

The following inolnatlona arc recommended t— 

Thatch 45^, tiles 24^ to 60^ corrugated iron 18^ to 20°*, slatos 
22" tc 30", boarding 26io 

Roofs are oovered with different materials, and there are many 
methods of coustructing the supports, Uepeiidiog to a i^reat extent 
upon the span, uaturo aud importance of the building, the climate, 
etc. • p 

The Bupi/Orts may be of limber or iron. Roofs may be broadly 
clasBifted under two main heads: Flat roofs and sloping roofik 
The^t roo/is the simplest, hut oau only be used for small spans, 
and is also liable to Iho objection that rain an.l snow falling on a flat 
surface are not fAfilly thrown off and leaka^ is likely to occur. 

«« 

The types commonly used are concrete, terraced roofs, jack 
arched roofs, and reinforced concrete roofs. 

The more important types of tloping^ roo/a used India are tile, 
corrugated iron, slate supported on truases of steel or timber. 

In an ordinary roof, .immediately below the roof eoverlng, He 
the common raftara sloping downwa^ from the ridga piece at the 
apex tothepoisp/ntobr wall piafs at the foot of the truss. On the 
common rafters are placed the roof boarding or battens and over 
these is placed the roof covering, tiles or corrugated iron, etc. In 
the more important trusses intermediate support is rendered to the 
oommop rafters by puWtns which in their turn are oarfmd by the 
principal raftere of the truss. The truss has, in addition, a tie team 
anil etrute. 
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TfllMMt—Pigs. 35^36, 37, 38, 33, fAid 41 illnstrati' the differ- 



(•nt forme of roofH And Uio tiAiu>4 liy wliicli Hify (tru culloil, 
iDoru imporUnt Irnwoti hi-u in dultiil ln.-l<>w 


'‘Doliap iMUn TruiMt.— i'lHt.- 43(/i) illuetrutiM u cnilnr bii»in 
roof for a B|iau of Id'. The joint Wtwuen Uiu uollur jitnl the 
riiftura in Bhowii to u lur^e scale. • * 

The effect of a collar beam trues is to give looru height io the 
room. They are suitable for eiioas up 

Rin|‘ loft Trust. —Plate 42(A} sliowe a king bolt Irnss. Tl»> 
«i>nlnrg<i(l sketchee show the JoiuU at the ro<4 unilljead uf Ihu )dug 
bolt. 

The lie beam shotihi bo sot up with a sligtit “ camber'*, so that 
wbon the weight of the roof beare on tlie troHS the tiu bourn will not 
" sag *’ below liorisoutHl. 

RinR PMt TrUM. —Plato 43 ill*OBtra(«s a trues siiitablo for a span 
of IfG'. Tho pitch is 1 or 

The trass rc^te upon stone templates ur ^v»lt plutes. 

Thu dimunsionsoof the dilTeruot muinbore of lho,»truM are as 
follows:— 

Tie beams 11* x 5', which is strong enough to support ceiling 
joists. ’« 

King post, 8 'm 5*, the width of tho <x>nt|o porllnp boing reduced 
to y to form splayed alrntmimts fur tho T.ods of the slruls and 
principal rafters. 

Struts and princlpnl rafters oach measurc^i* x 5*. The principal 
rafters are secured at the tap by a pair of tbree-wsy tlrajts and at 
the foot by a heel-strap with 8crew-hHB>ls, 

Tho tie 4)eam is sedured to the \pwrr end of tim king post hy a 
sfi»fw//-iro«. The purlms 8*x5* are notched to the principal 
rafters. The strut should hfi placed so as^o itlTurd support at the 
point where the purlins are fixed, *. 0 ., at half the height of the root 
The common rafters are notched lo the purlins, their dpper ends 
resting against a 9* X1^* ridge piece and their lower ends against a*. 
pole-plate'6*x6*. , 

The addition of 1' roof board renders the whol/ ready to receive 
the slating or other roof-coTeriiig. The variqilB joints are shown b> 
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the enlarged sketches iu Plato 43. {Post trusses are initable 

for spans op to 30 ^ • 

• Qlieon Post VritSSOt*—The *ezBinple sketched in Plate 44 is a 
queen post truss for a 4^' opan.* The loweif edge of the roof is 
finished off with a parapet, behtod Vrhich is.plaoed a gutter bearer 
to support the gutter. Thl detail pt (ho joTitt at the head of* the 
queen post with a pair of three-wa; straps is shewn to a large scale 
to explain the method of fixing the purlins, wl4oh rests partlj^ upon 
a c/ffd, nailed to ^he straining beam. A el.^at is alsc^ added below 
the lower purlin. • * 

* Queen post trusses are nsed for Spans frou) 30' to 45'. 

St0Ol TfUIMS.—In roo^a of siian 4(V and upwards, iU is ea^nomi- 
Oiil to use steel trusses. •Thi> ((biieneions of the diirenuit inein\)erB of 
Hied t>*nRseB of diffurenC forms tor spans of 2 >' and .'>b' aro< shown in 
Plate 45 » and b, smd the <let^ilB of the joints and type connections 
are shown in Plates 4C and 4<. The pitch is 4 or 83° 35' in both 
exaiiy>leB. 'I'he strength of the vafioiis members is calculated on 
the amnmptioii tli^t— » , 

(fi) 'i'lie hurisoi.tal wind-pressure is 40 lbs. per sq. ft. 

(//) The roof-coTering (tiles) weighs 13J cwl. per'lOO sqv ft., 
excluding the weight of the truss. 

(e) Tfie trusBus are 10' apart centre to centre. 

The members subjectufl to tension are designeit to a working elrtws 
of 71 tons per sq. inch, and short struts (iu ooinpresciou) to a 
working stress of 7i tons per sq. inch, hong stmts 7 tons per sq. 
inch. The 25' span truss has both ends fixed. '' 

'riin .'>0'span truss has one end free to allow for tbu expansion 
au<l ooutruollon caus.^d by changes of temperature. 

Those members shown in thick lines arc iu ooiupression, those 
in thin lines are 111 tension. Foy roofs of small sjuin^ (25' to 35') 
the ends of the trusses shoufd be lahl on lead sheets and the holes 
fur the bolt holes which secure Ibeni should bu niaejo slots of obI»ng 
form, so that the end may move slightly backward and forward on 
the lead. *rhat end of the truss is ** fixed ”*to the support *from 
which the preTSiling wind blow, the other end bai.ng free In 
roofs of large spaa, the chair or saddle at the “free’* end of the 
truss is supported ou steel rollers, so that ii can move outwards and 
inwards with> base girder the changes in dimensions caused by 
changes of temperature. 

Roof OOVOriofOi—7-48 a general rule tbe smaller tbu pieces In 
which the covering is put on, the heavier will tboa root be, and the 
mure difficult to keep watertight owing to the greater number of 
ioints. Substayiees like tiles or slate usually make bettor ouveriugs 
chau metals, on accoost of tbe slow conductivity 6f heat of the 
former. They also preeeiwe an equable temperature in the room, 
while metal coveriifl^B conduct the heat rapidly and make the rooms 
unbearably hot in \he Bumin'T, and for the same reason, make the 
rooms cold in winter, by ooiiduoting the heat From the room. 

The following spocification'i are for different kinds of roof cover¬ 
ing cotpmoniy employed iu India :— ^ 

Tiled roof AwQSljif.— I'ilei to bo Bound, well burnt, of unifornr 
solour 8i\d siae. free from flaws, to ring olearly when strupk together. 
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¥bey slioald be carefully and traly laid at riKbi an^leB to tho', eAved 
and should abut cluuely to the oaves. All tiles shotdd ho ROiikod iu 
water mixed with otvvduiif; for 12 hours before beinf* placed on *tbe 
battens (or plankinjj). The (*avoa* ridges iind hips to be set in 
inwtar and pointed. ,• , 

» * • • 

Plate 48 shows n doulde-tlled ruoC cuveriug laid on steel tnisses 
withwlternative me^od of wo<Hleii and angle steel purlins, 

• 

Comiiattd Iron roof dbvorln^— The sUeett Should be sound, 
and free from injnrieH lAie to ritltliiug of U^e sine covering in transUi. 
The aheetB*aro laid with hips of C'at tho ends, sifil of two corruga¬ 
tion!^ at the sides. ^ , 

Holes' for galvanised screws or Imlts to he dvilleil (not punched) 
from the inside at a distance of 9* apart on tti6 %idos, and at every 
second corrugation on the ends. Airholes to Im drilled in ^he ridtjai 
of the corrugation (not in the walleys). The sheets to he H(!,1 care¬ 
fully on tho purlins and fasteiusi to them bj gulvanised ij^on 
screws and washers, or liy bnltii placed 5' apart horit.onta11y, and 
in the saipe lin'', in the direction of tfie slope, ov<-r each purlin, * 

Etanilt tlato roof covering.- The slales arc- fixed ov(-j ImttPii 
nailed 9J' .apart centre to ceiiSre. ItafUTe 2'iqflirt cnnlro to 
neiitre. lii luj-ing the Hlutoe, the brat row neat-the eaves ciinsists of 
slates marked A in I’late 411. Next coTiui the slates marked H, and 
thoiioe oiiwurd of slates uiurkod O, with an overlap of S;'. Klates A 
lyid 1} are fastened by galvanised iron wire nails, and slute 0 by 
nails and copper cramps. • 

Highty-two elates cover 10(1 s(|. ft. of roof area. The standard 
sUu of each siuto 0 is ir>f'x I.'*!'and are obtainable in grey, black 
or red colour. These shttus are uot aiTeeteil hy weathi-r, aiv light 
and cool, an<l require hut iittie* jiisMnloiiance. They aro also fire- 
nosistiug. ^ 

flllt terrace ropffng similsr to that of a terraced floor. The 
room is spannoil by lieams of wood or steol, over which (at right 
angles) are placed small joists or battciiH (hargahs) about irxii", 
at a distance apart Criaai to the length of a brick, bricks are luhl 
across the bargahs to form the Bubstratum of the t^-rrace floor. Tho 
bricks mast butt against each other. Tiles tuny hu subsLituteil^ for 
bricks, and sbunld be about 1* square and 1 to Ijp ioclt thick. If 
tiles are used they must be laid in two layers* the Urst layers across 
the battens and the upper Jayor set to break joint with the first layer 
with a thin joint of good mortar between them. * 

Stone flhgs may also ho used dn plitfso of bricten or tiles. They 
should be 1^'thick and laid on battona of siiitoblu sixe, and piaoed 
at distances of 2’ apart centre to centre. 'Over (he substratum of 
bricks (or tiles or stone flags) a layer of gooif concrete .is laid as 
already described for floors. The top surface of the roof must be 
carefully sloped so ss to pass oft rain water as quickly os possible.”* 
The slope should not be less than 1* in 10’. At the jgnotion of 
the root covering with the wall a etring coiy-Be,* projecting not less 
than 4* should be built^into the wall iit* a height of 2'above the 
upper Bufface of the roof, and the intervening space ^carefully filled 
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in*! with concTct'j to proveiit leak^tMlowii the wall. Spoats^orihd 
(Ir^iuage as showi^ip 50. 




t 

JSCk IfCh PAOfin^ IB similar iu coQsirDOlion tu Juek arch floor* 
ing ulroaily deacrihsit. Ar^arngeinoiitit for ilruioiigo should be made 
in all flat roofs as described above. 



^9 


‘OHAm'BR IX. 

« 

»Em»thiMork and iMund tpaelng. 

Earthwork OMratioos Aielodc the exeavationH in tUn “ Boil ” 
The “Boil” m«V conalgt Band^ earth, dor, Kravd, rock, do. 
Earthwork in cutiinf? or in emhankment in hounded by alnpoa, nifd 
iailB by the of gome part of the earth of the glopo on that 

below iU Thfl etabilily of the aoit dapcinlB on friction, mid the 
mnlnal adhesion hetwdon the {sraioM. Th.is»uflhMion ia toiinii>rarily 
incr -ased by a small amonAt of moisture, i)ut dwroaars wheu |]]o 
I%tter lEt in exces-^. The slope at Vhioh tho ‘aides of a oiiltiiih' or 
j^nbaiihmi^t will stand deponda ^erefure npon the iiatiiro and con¬ 
dition of the Boit, The Rteep^ hIoim* at wbitdi Iooro earth of a 
IHirtlcniar kind will atanil ]iormanently iapiyioci the nttijli'- uf reimM* 
This slope is iiBually destpuaieil ua the ratio uf the hase of tiie 
slope to the iieight. Thg follol^tUf; table shows the (rtigle of repoBt^ 
of u fewBoiis:— 


MmuriAl. 



• Ai'kU- of ti'iwHi-. 

A 

)ry Olay 


«•« 

o 

e 

• 

• 

Vnt clay 

so* 

• « • 

... 16" 

)ry oartli 


• •• 

.... 

Vet earth 


• ••# 

... n° 

travel 

• •• 


... 48” 

rriivel hikI suikI 

• «« 


ai;-* 

'iiie dry sand 


«•« 

... .•i7'’U);ii” 

V'et sand 


• •• 

... 26° to da” 


Shrtnhatd. —In eedmatins tho ndative Hinonnis of incoavation 
anil embaulcineiit r<H|iiir«.>d, allowanue innat tie niiidu for diilorenoeB 
ill the voliiiiinB occupied l>y the material before oxoovalioii and after 
it has Mttiod in euibankoient. * The sbrinku^'u of u tow soils is givon 
SIS follows :— 

m • 

Gravel 8 ner cent., gravel and sand i> ^ler cent., clay and earth 
10 per cent., light aud sandy oorth \f per cent. Tho 
voinme ovenpiod by rook whoii it is broken up in moro 
by abo«t fiU per cent, than r-hsit of solid rock iioforo 
broaking^t. Kxamjife .—An embankment of light sandy 
earth conlaining a J.tWO c.* ft. wjfl«rociiiire about Ijatl 
0 , ft. nieasurotl in excavation to make it. A rook ex¬ 
cavation measnring l,0OU c. ft. will make l,roK) c. ft. of 
embsnkuicat. 

Holxhtf ftt wMpb soil potoln a vorHeal fm for i short Mmo.— 

In di^ng shallow trenches, as in ,tho cub i* of Cniindiitioue for 
biiildings an<l euWerte, it is economical to leave the face vortical. 
I'his may be done teniponrily for a depth of 1 to ii' in moist 
sand and ordinary siirfuce would, and to ^ depth ii to 10’ in 
well drained loamy soil. Ordinary clay will stand temporarily with 
a vertical face to a depth of from 9 to 12'. When those defUlm^ 
are eAeeded it will be necessary to shore up the side of the uxcavii- 
tions or cut them to a slope correepomliiy? t# that or the natural 
angle of repose of tbe^srticular soil in question ; in digging •wellg 
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this shoald be borne in mind.' Leaving a vert’oa! face for too great 
a'depth or too long a lime has csased loss of life to the diggers, 
T}ie most dangexops ^nditioRffor a slope is where water drains out 
of the r.djao<)pt earth through the slope,. The slopes of enttings will 
stand at steeper slopes than those of embankments. Slopes pro¬ 
tected from the action of wa^er by turfing (layers of grass) or 
pUdiing (layers of brieir and stenu), strnd belter than unprotected 
ones. The final decision as to the slopo to be given to earthwork 
will <lepond upon llio conditions noted above, Th*) following are 
the average slopes peripitlcd :— 

Enibunkmmla .— 

Average soil 14 to 1 f^r heights not ozcooding 80'. 

Average soil 2 to 1 if.uf greater height. 

Reservoir eiubankinonla .^lo 1 (or aIo]>es in contact with 
the water. ^ 

CutliiigH —Clay 2 to 1 when well drained. 

4 1 } 

(Iravul, . ' 1 l<» 1 when not more than 20' deep. 

„ 1) to 1 fo. depths exceeding 20'. 

Rock^ } 8land perpoudioular. 

'Karth in embankment shonid be laid in regular horiaontttl 
conrscs not more timu 4' thick. In high embankments the courses 
shonUl bo slightly concave to prevent slipping. 

Form of fide flopof.— Thii' natural form of oartb slopes is u 
concave curve, in which the flattest portion is at the bottom, hot in 
praotiou tiie reverse is often the case. the slopes are loft 

convex to save excavation. In enttings exceeding 10' in depth 
the formation of concave slopes greatly helps in preventing slips and 
in any cose it will reduce the amount of soil which will eventually 
have tu be removed when cleaning up. 

Methoclf of getting enrtil.— T'As ordinary method.—Hhv excava¬ 
tions are carrie<' out in layers a, b, c, etc. [Plate 51('*)]. Kach layer 
is opened out by cuts like m and n ia the sketch, along which carls 
or waggons may be brought to remove tbe soil. This method is 
Huituble for long cuttings and permits the employment of a large 
number of coolies, carts and waiQjons at the same time. 

The method of tjBrruttng is,illustrated in Plate 51 & and c. 
Kaoh torraco has a transport way, on a bench, on one (Plate 
or both (Plate 51c) sides of (he cutting. These transport ways are 
not removed till the oompletion of their corresponding terraces. 
I'late Md illustrates the aide long agatetn. For enttings on side long 
ground the principal temporary way runs parallel to the centre line 
but at tho side of the catting, wluoh can be attacked at nnmerous 
points, and eventually along its whole length. In the sketch m 
represents the tempera, y way. Different stages, a, 5, and c, with 
separate temporary ways, m* and m* are often employed with ad¬ 
vantage. This method is suitable in steep side-long enttings in 
rook. •• 

Tnwtpoi^ng may be transported in baskets 

carried by,coolies, in whoei-barrowB, bollook-oarts, hand troUiea on 
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rsHa, biillook-waggona od raita, tracks drawn<by locomotiTes-, or by 
roiies worked by stationary enginee. ' 

Whichever'method is Aed it shoald bo noted that gradients in 
transport incrcuse cost. Tho praetioal limits of-gradients are :—for 
whoel-barrowB, one in thirty* Unllock-carts, onu In torty. For 
temporary way§, tme in a bnndroiL Oisit is afso incroaHod by higher 
up throws, nnFavonralde lifting, r»|(eat»d tiirowing, or untiecessiiry 
moving 4»f earth, [tis essential to havo good tools, well formed 
wheei-burrows, carts, tip>\vagguna, goo*! teiii{>ori»ry ways of ralts, or 
j'lanks, fur whe.fri-b>iri'/)w rniia. A wb?*>}-1iarrow cariying S u. ft., 
witboiit a plank rnn, will carry ^1 e. .'L with one, A tip-cart carry¬ 
ing t* c. ft. wUhoat a good Umpomry way will carry IK C. ft. with 
one. The whetd-liairows used hold abuiil 2 c. ft. of earth and arc 
usually run on iilnnlji) not luett than 11* wide and li* ^iiick. 
The inoliiialiou bIioiiM not as a ru<o evceed one in twel've. Box- 
horetts (Date Me) are the brat Hii|>|MirtH for Iho pianks. They are 
from IJ' toil' 8<jnari>, made ont of 11* liy y plank. A wheel¬ 
barrow run is 20 or 2.') yai-ila. hlicb foot of rise is considiTod 
oi^nal to G' to O' adilitioual ri«n. If n con«ideral>U‘ Indglit is re- 
.<|iiired trestles (IMato /t1 /) n^uj l>o iis«<i to support the plunks, liiil 
hox-horw'B arc Btr<ii)gev and logs likely to got oiu of repair. Wheel¬ 
ing itt more ouorioinioal than carting for distances andur 1(H) jards. 
A waggon holds about-as iiiucli as 20 to iU) wbeol l>iirrows and goes 
one-flfth fast<'r. It is thoreloro isjiial to 24 to 3G wheol-harrows. If 
loaded waggons have to be drawn up an incline and tho temporary 
rails are in moderately goo<l orler, each loot of escont may be 
uousldered o< 4 uivuU‘Ut to 15(1' of additional horizontal distance. 
When tho beigiit uxconds 12'it is better to nse bullock curt tliaii 
wKoel>lmrr<iws. Fur railway einbunktueDt and cutlings it is belier 
to use locomotives than carts for distances over ii miles. Home- 
liiiH'B the earth oxouvatod for a canal is ttUIlBeil in waking banks 
tbal arc part of the same eartii. But if tbero is more than is wanted 
it is cuilled »poU and sboitUi l>e placed in a bank oulled n apipil 
hnnk. On the other hand, fur a bunk for which there is no 
«<>rrespondiag oxcavatioo, pits, called pif'9^ must bo dag 

from whi(;h tlie neoeasary earth is obtained. The spoil bauks 
Hnoiild be placmt with iotervals botwtum *tbem bo ub not to 
interfere with tho surface drainage of the country. Borrow pits 
should not liu ilug in a oiitiiiaouB hmgth, since the rain 
might acoumuh^te and luako a tlraiiiagi* line. They consist of 
sejisirate pits, 'each a’'u'ut IH)' long and 10' feet intervala betwem 
them. ' 

TPOlti —ordinauy work ou a Bnoall scale tho tools used in India 
are tho “ phuorah ” or “ kliuduli,** pick, buBket, and harrow. It pays 
to use good tools. The fihnoraU is usetl for digging and lifting the 
earth inio the. basket or barrow. If ihe eerlh is hitrd it is loosened 
with a pick. If thu work is on a iui^e scale and tht^ distance tliu 
soil has to ho curri|d great, it is economical to lay rails and run 
waggons or trncksJjy band or steam power. 'X'be waggons are made 
wjth their bodies hinged to the frame work carried by thu wheels so 
that the body may be tipi>ed over and the earth thrown out. One 
form of tip waggou of capacity aboat 60 e. ft. clay, is shown in 
Vlate 51 y. The resistance of such a waggou is about 80 lbs. per ton. 

• Two such waggons cbuld be drawn by one horse. The rails need fo> 
the feuipprary ways weigh from 25 to IH) lbs. per yard. 



<»P«»«on in ttxj earthwork Is to set 
o«t the e^es df the wortc. Zn the fase ^ a bnildlug or oalvert the 
lUan oC the fo.undation trenohee is first worked T)«t on patMtr 
showing aU centre lifies and the detnal edges of the trenches This 
plan is then transferred to the a<ftaal sight, and aU edges and salient 
angles pegged out on iSe gronnd^o the All slxe. Ti^ bottom width 
of the catting is^ marked oat oo the groarul surface Ly lines parallel 


** khodali " to mark the centre tfhe on the ground. The depth to be 
dog b^Jow e^h peg is reoordoil in the rndhsorement look agaiaat the 
peg's ^number. • Tho depth is asGertainad exactly by the loTel. In 
excavation the peg is left with the pAtar ofaesrth nuderneath it in 
the channel. This serves as ^reference to mesflpre the depth of tho 
excavation without the necessity of *agiiin nning the iuvul. The 
bottom width is now marked oot otf the ground surfdoa 4>y liaes 
parallel to the oentre line. ThS centre |»ortioii of tho oxenvation is 
nsoaliy redoved first and tho side^slope strucl^ afteryards. The 
edges of the slopes are marked oat byaranniug lines from point to* 
poin^ to mark the top of the slopes. The distance from the bottom 
yidth to the edgo of the slope will of oonrse vary with the depth of 
the exoavatian (see Plate 52 5). If t^e ground slopes aoihss the 
line of the oanal the breadths of the slopes swill be more on tho 
higher and less on the lower side than on the fiat groniid (see 
Plate 52 o). If the work is an embankment instead of a channel, the 
setting oat is similar, vis., centre lino, top whlths, and foot of slopes. 
In this work, however, pntJiiM are erected at each peg. Poles are 
fixed at the breadth of the top of the embankment and the oorreet 
height is then marked on them by attaching a cord F 0. The side 
widths being also marked by the cords A, F, and G, H, the earth is 
then piled to the outline made by the cords (Plate 52 c). 

Uvilllag by the boning nit tfa g.-^The operation of levelling 
tranches, etc,, is often performed by boning rods of wlycb there are 
three in a aei. Two of these are levelled at a distance of about 10' 
apart. The third rod is then leveled at a similar dialonce. Tho 
centre rod is then removed and the level transmitted to any site 
along the line, by dght|ug or boning over tho first and third rods. 
It is essential that tho' bottom of trenches dug for foundations be 
level. This is ensaretl by erecting two sight roils ov^ the treuoh as 
shown in Plate 52 d. The side parts of tb*e sigl^t rails shonld be 
so plaoed that they will not be dwtnrbed by snbseqaunt operalions. 
A Iwel line is sighted throngh tho level end and marked on the sight 
rails. The cross bar is then^xed in each and a ma|k is ma<le on the 
bar plumb over the oentre of the trench. The width of the trench 
is marked onidon the grdand with oord and jiegs as akeady described 
and the excavation began. If the oxoavalion is deep and the 
• vertical face of the trench is excessive the sides will have to be 
•bored up as described in the chapter on Foundations. When the 
fall depth of the trench is approaobed a number of pomtB*are sunk 
to the exact depth by means of boning rode, the tops of which are 
lighted befWeen two of the sight rails as illustrated in Plato 52 «. 
rfte remaining parto of the bottom of the trench arg taken ofit level 
between the points so determined. A simitar process is employeih 
fnr exoavgting a trench forb dnln. In this case, bowevei; the alght 
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Sll*o?th8^rSn * 1“ oSrpeeponding to the required 

Ewtfemrkfor jtMlt.— The, following notes WEarthworl* for 
roads are extracted from Captain hforrpat’s Notes on work eoinpUed 
for the nse of the l^hlio WoVks DonarlmontThe embenkm-nt 
wfll generally be Armed of «artb*o^taiiied from pits excavated 
along the side of the rosd4 The ground to be ooonpied will be* 
oleated of all large gashes or trees, bat it is not neofsaary to grub np 
roots, or gnws, or to remove the aarfaoe soil. The surface of sloping 
ground on which an embanicuieat is to be erfotod Should invariably 
be prepared to receive the elrthworl^ by haviutfcalin the Blopiea, 
safBaient Dumber of footings or benches forming a right angle with 
the#lopo of the emliankment (Plotg^2/).. No mtul, slush, or watery 
staff from wells or epringa. and no decseyed vegetable matter or 
rotten staff of any kind should be,allowedl% be pnt into embnuk- 
menta. All enbankmenta are to be raised in regular Inyera, rammed 
and eonaoUdated being moiW.ened Vith wator if neaemS^y, They 
will be eayried to the full width of^hu slopes in ^11 oases, so that no 
additions may bo required to the aiopes aftnr the bank U inudB up 
to formation level. All lamps and Olods of‘earth are to Im broken 
np«eo a^ to allow of a regalar subsidcace of the earthwork through- 
oat. In oarrying up cmhankmoni, (he fall allowance for abrinkagti 
shall be made first, so that no addit^n of earth with be ^eqnirod 
after settlement to bring the bank to its fall* dimeua)i>m>. The tops 
of all embankments arc *to be broaght«up to the levels set out, and 
neatly levelled otT. The slopes are to be druseod to the required 
incUuatiouB and neatly trimmed. In carrying embankments over a 
bridge or culvert, the earthwork shall i>e brought up oveuly on both 
aides of the atractaro so tliat the preasare may ho oqnalisod. In 
UlUng In the approaobes of a bridge, or the apsndrils botween arches, 
the earth ahall be raised sinmltaneously with (he wing walls in the 
former ca^ and with tho face wall in the latter, in order that the 
tilling in may be well trodden dcTwii huder the feid of thn workmen. 
€n41IUng iu b^ementa and backings to ruvetinents, tho earthwork 
ehall siuiilaily be broaght up iovol as tbo masoiiry* proceeds. In 
ontting throagh high grouu l tho excavation shall bo made iu steps 
down to formation level with aidwt imrpnniMcalar, or nearly so, aiul 
the slopes formed afterwards. The sides of cuttings for roads iu 
loose soil are to bo prlltgoted by catch-water drains abovo tho cut¬ 
tings. At the foot of the slope will bo nainsll iiq;rm and between 
thia and tho edge of formation level, a catolPwatcr ilrain. AH “ dead 
men ” ahall be removed from cattinge when no longer roqnired for 
meaanrement purposea. All temporary pathways, ramps, etc., aro 
to be dreaaed olf neatly atfd the whole work proi>erly fiiiiahed. The 
measaremeDta of earthwork will be taken from the pita furnishing 
the earth whieh abalfbe numbered, tbo number* being marked on 
pegs driven into tho comer of each pit tfc facilitale chock moasnre- 
ment. * 

In QMllg,_The excavation ahall be parried out 

aoowdiu to design, with accarately graded bedfal) and aide* pro- 
nerly alon^ The excavation ia done by first cutting a cehtre tranob 
with vertical aidea hud then trimming the alopea. The .excavated 
material, if not required for embankment, ahoifld be thrown an in 
poll banka in 12* layeya, with oeatly foade slopes and top* a 
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• Bailable berm beii^ left between the t(»(a of fbd'bank and the edge of 
'the'excavation. When the banks have to retain water,* they shoald 
' be formed with a core of euni^d earfh, with a ooTerlng. The hearting 
or core shonld extend to 2' above flood sarfaoe^ level in banks of 
more than 8' height, and slionld be wide at the top with aide 
batter of 1 in 4. ■ „ •, ^ ‘ 

Oonstimetioil of eorthoo NiohmlP doino.— The embankment to 

oonaiat of a water-tight hearting of clay or utayey earth, with a 
casing, both in fropt,and hack, of clay mi,aed with gravel. The clay 
hearting ia inlend(d*to>lhake the dam ;^gter>tight, and the casing to 
•afford protection tg the heartjng against the effect of alternate aatnr- 
ation and extreme dryness. The easing both front and back shall be 
H' thick at fall supply level meaaQred at right angled to the slgpe, 
increasing at the rate of 1' for every, 20' vertical depth. The 
material, freed of all cktda and.lnmps, shall be laid in continnona 
layers with a slight slope towards the centre, making a concave 
carve, tlie ‘centre being <i' to 6* lowM»than the outer edges. The 
niatorial should be .spread in even layers of 6*. Water shoald 
be sprinkloi] to sink about 1* in depth into the completed layer 
bc^Loro the next layer is spread, so as to ensure complete nnion 
between the two. • 

Where It is proposed to protect the enter slope of embankment 
with grass, the outer casing should be finished off with a top layer 
coutaining a suffleiont aomixtnre of soli fi^vonrablo for the growth 
of the grasa The inner slo^ of embankment ahonld bo protected 
with Btoue pitching. When ciroumstancBs permit, one rainy seasou 
shonld be allowed to elapse after oonstrocting the slope to allow for 
consolidstlon before pitching is oommenood. The stone to be good, 
bard, qnurryor bonlder atone such as will not weather on the snr- 
face. It la to be roughly hewn or eqaared with the hammer to 
ensare the stenes setting fairly one on the other so as not to expose 
the earthwork below. The depth cf the pitching to bo 6* at the 
bottom of the slo^te, increasing uniformly to 18* at highest flood level 
and again depreasing in tho same way to 12* at the 4op. Fig. Ud 



shows a cross section of a dam in ase, where sufficient clayey soil 
not‘available. In this type only a core of that material is provided 
in the middle of the embankment directly over the puddle .trench. 
The space between the core and the ooter easing should be filled with 
sonje seteoted material fsr the front half of the dam, while rook 
.debnB,gnvel or sandy soil should be preferred for the part ^n rear 
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of the core. Thh top*BiiMaoe lOf embankments shonld be 3' ab^ve 
flood leyel, so bb to preserve it fro^ innj^dation. ' 

SurfMfl drallll|0 Ollttlnlli— Hatu failing iu & cutting shoakl be ' 
led out by aide drai&a at the foot of the slopes. No water trom the 
idjaoent groundB Bhodd be allbwe^i to^drain into the cutting. To 
pi^vent this, drains* ihoald b^ constrpeteil alongs the top of i^he 
outting, thus intercepting the water beme it can reach the cutting. 
AU aarface water i^thuB led along these drains clear of the cutting, 

TlPfll^'^-The outer al^e of an embankment, should be sodded 
with grass: “doob" is the bei^. The turflng should be carried out 
during the rainy season. The soda should be at ieast 2* thick and * 
shouM be l^d alightly overlapping one another. 

Watering should be coutinned ^lattU well rooted. In the case of 
a canal the inner slopes nay be lurfetf to 2' below full supply 
level, the lower portion being dreasetil only. *lu rodJs, both slopes 
abouid be tnrfed to the ground level and the tuitiug ^hould be 
carried over the edge of tin oresr for nut less than 2' on each 
side. • • , , 

EttilMting StrthWOriti— Hince thg cost of eurthworlc is moderate 
and the (ate at so much por 1,000 c.ft. varying ucuurdiug to the 
nathre of the soil, the lead ” (the distance the earth is carried), and 
the lift”, great accuracy in calculating ijiuintUies noa neces¬ 
sary. The uBu of the correct prismoiduY forti^da may rtplaced by 
determining the area of erpss sections by^king the mesm depths to 
one place of decimals, between two contiguous pegs, and lunlliplyiug 
this area* by thu distance between the two cross secLious under 
(y)nBideration. 

For example* 

Let D be the depth at one centre p(%% aud.D' that at the next peg. 
The mean depth =* <1, 

say. In the figure let H be 
the bottom breadth of acut- 
tinff (or the tQp breadth of 
an embankment). Then the 
area of the centre rtetangu- 
lar portion is Bd, and of the 
side pieces 2 *= sd®, 

where s : 1 is the slope*of the aides. Th^ wlioleeprea of the cross 
section is Bd-|-sil®, and if L is the length between two successive pegs 
the volume is L (Rd+sd®). 





CHAPTart X. 

<a • 

RAAcfa and Culwarta. 

Hoad!.—Thfl objoet of a roatl is to providota way of travel, 
f>r the tranapoi'cation of giods from one place to another. Boade 
differ maoh in their nature aoeording to the purpose for whioh they 
are required. A road betwnen two villages will differ from 09d*in a 
large town. In thaforpier the problem to provide the hardest and 
most dnrable eurfa^ toneUtent with^eonomy, to lighten the eoet of 
traniuoriation by redoolng the reaistanoe to traction, and to render 
travel easy and oomfortable. In town or city streets,, hdwevea, the 
flomfort of both those niflng the street and of tbe oocnpante M the 
adjacent honKeA will be larKt'iy affected .hy the Freedom of the road 
•surface from noiee alld dust. The safety of tho pavement in use, ite 
elfeob iipqn the health of reeidenlA, and ila cost have all to be consi¬ 
dered. To adjuet tti the hoet ^vantages these various elements, 
frequently qnite discordant witb eaoh other, require judgment and 
experience. ILoeal conditione must always ho conaidereU, such as 
(irainage, availability uf variona materials, iintnre of traffic, needs of 
tho reaidenta in the neighboiirhooil, choice of site of bridges when 
crossing a river, etc. The important factors requiring consideration 
are discussed below under tin* following heads :— 

Traction and Gradient. 

Metal. 

Cross Section. 

Oonstrnction. 

Maiutenanco and Repairs. 

Drainage and Calverts. 

Traotlon and Oeadlanta. 

a 4 

The resistance to traction of a vehicle on a road is dne to— 

SI 

(a) the gradient or inclination of the road, 

(&) the axle friction, 

(c) tbe rolling resistance. 

Tbe total tractive force necessary to han^ 6 load np an inclined 
road is the snm (il the forces necessary to han! the load on the same 
anrfaee when level, plns'tha force neoesaary to overcome the resist¬ 
ance dne to tbe gradient. 

TiM Mit frlotlm varies with the natnre of the bearing sorfacm, 
and for vehlolee ot similar conetraotious is proportional to the load. 

The rolling m^otuieo is dne to— 

« 

(a) irregularities on tbe snrfaco of tbe road, 

(f«) that of a wh'oel rolling on tbe surface called tbe rolling 
. friction. 

IV 

Tbe resistance due to (a) ie tbe horixontal force, necessary at tha 
axle, to raise the weight on the wheel to the height of thO' obstacle, 
^r-smell irregnlcrities, thie reeUtance is approximately invereely* 
pFropo>j;ionBl to the diameter of the wheel. The effect of small 
irresnlaritif s, however, is dne more to tbe ehoolcs and oohonasiona 
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prodaOMl by thtfm, thbn to th^lifting action of the obstacles, and the • 
rMlstance due-to nnev^a snrCacea is greatei at high than at low v«to-« 
cities. Rolling friction is probatAy dnfi to the^Csnie^cBSibility of the • 
road surface. ThCi wheel indents the sarface and is then alVuys 
forcing a wave of the surface before it, is ollmbing an inclination 
^JMSed by its weight,«pon the surface of the road. 

« Metalling. * 

The aarfaoe of the rogd sbonld bo ha^, ^jigh, binding and 
smooth. It should be well dri^ned and labl on a stablo foundation. 
The road should be a raonoHthio bo4y of suchastrenglh that flio* 
aepasate stains used as molalling shall movu as little as possililH 
under the weights and rolling of lbcatriUn». The cnmlitinns of tough¬ 
ness and hardness are more«or lees met 6y the various Biibstaiices 
imod as metalling, stone, kapkar, brhAs, wood, bitiiminooB 

materials. With regard to atone the qualities ueoemury are :—Power 
to resist compression, abraaios, aolii^i of weather, atui its* power to 
sssist cementation. The following are snitsbU^for first class ro|ila : 
Syenite, granite, Trappean Roek», lime‘dnnf.a, including kankar. 

Second or third olsss roods ma^be meCsilled with gravel. Thh, 
if of s fluity character, and not too much mixed with earth makes 
good romis for light traffic. , 

Briekt may be need when nothing else is aval I able,* but they do 
not make good roads. The traffic on a brick'metalloil road should bo 
of the very lightest. * • 

MtMmliiOus iMlnrial consisting of mixtures of sand, stone and 
JiUumen make excellent roads and are os largely nsod in the bigger 
towns and cities. The methods of layhtg the motal will be doult with 
under the head Construction 

Cpoan Snetlonn. 

The croM section of a road shmild be based on the following con- 
Hidbrationa» 

(a) Drainage. « 

(i) Valne of tho land through'which thn road passes. 

(c) Nature of llm country, i. 0 ^ wbolber fairly level or in the 
hUla. 

To provide for Drainage the cross section of the road is “barelU 
e<l ’* 1 . 0 . it has a “camber”. The only object of camber is to pass 
off the water as^uiokly ae possible to the sitio channels, as water is 
even a greater enemy to*most surfaces than traffic. The objections 
to excessive camber aje ^ 

(o') The tendency to cause the traffic keep to the centre of the 
^ '' road, thus causing longitudinal hallows along the road in 
which water may Mttle. • 

(J) The tendency to ciuse sido slips, both of self-propelled 
vehicles or of a horse. 

(c) A high load^B often tilte«l at such an angle over thft*footway, 

^ ' ee to oanse collisions with lamp posts,* branches of treM, 
and the like. 
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experts have giren Tarioap opiiilo^ onithe qaee'Uon o£ 
oateber, varying Crom 1 in 24 to 1 in 40. Tbe oamber-shown in the 
sketches (Plate ^4)rhave beed reooinmended for Indian roads. It may 
be taken at 1 in 36. The width of th4 oross section of the road will, 
depend opon the vattu of tf»» land, (For a first class road in land of 
ordinary value the cross section given in PltAf 54a has been reomir' 
mended. Plate ti45 shows tiSa cross teetion of a first class road pass' 
ing through laud of high valae. The Motion of a road in hUly 
country is given in Plate 54c. 

oonatrufftlon. 

I 

The remarks under “ Embankments ** and ** Cutting H in Chapter 
IX apply equally to roads cn omj^/iokment and cuttings. <- 

OollWtlN of IMtal.—' If broken atuua is to be the metal it shonld 
be tough, durable ifnd be broken so as to pass in every direction 
through ,a 2* ring for underjayere, aud through a 11* ring for 
the surface. No material should bo stacked until It has been 
thoroughly screened aud free from all earth. When ready it shonld 
1/e stacked erftirely clear of the roadway, either npon the berms and 
platforms provided for the purpose, or at the foot of the swie sli^s. 
CompHratively la^;e heaps are moreeoonomical than small once, ^he 
height ahonid not be less than 2* and no heap of less height 
than 1' should be measured. ‘ The length and breadth of the heap 
will of course depend on the quantity required end the shape of the 
site. 

SprMdlnt Ud OoiitOlldatlfld.~The thickness of metal to be laid 
on new and important roads should not be less than y*. The aotnal 
thickness will depend upon Ihe nature of the tri^o. On roads of 
less importance the (hickness of metal should not be loss than* 
6*. The ** formatiou'* of the «wrthwork should be thoroughly 
drained, cambered and rolled before the metal is spread. 

The banks shonld be exposed to the whole of a wet season, 
if possible, before the metalling is added. ^ , 

Where ordinary (not. steam) rollers are used, the inetal should be 
laid in layrrs of about 3*, the lower layer being nearly oun' 
solidated (not completely) before the next layer Is added. The 
metal should be thoroughly saturated with water, if the rainfall 
is insufficient, during the rolling. The wat^t-ing and rolling shonld 
continue until t^he surfgoo ie thoroughly' hard and smooth. No 
more ** binding of saad should be ubed than is absolutely necessary 
to ensure the mefhl binding. Ramming is of little nM unless done 
with a large namher of men (say 16) working in unison in four 
consecutive rows, using abundance of .water. Tlie work of each 
portion oanuot bd considered finished till the water has been com¬ 
pletely expelled i,nnder the rammers, and the surface left smooth 
and hard. When rollers are used the weight should bo at least 
I ton per foot of length. As a finishing coat a thin layer of sand 
is applied over the auriace of the consolidated metal. 

The above deaoription of ooiiBolidBt:ng and spreading stone metal 
apillieB equally to broken pricks and kankar. If, however, broken 
bricks tre used there should be a “soling” of well baiab bricks on 
new rokds. The soling bricks should be lafd in rows across the 
lower. ‘ 

The lattier will be laid longitudinally with the road. 
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Pitoh ^ 01 ltiMi-*-Upon ft 10* foQn<}fttioi^ of hand-pitolied'rook, 
laid* and oonsulidated as for a stone' metalled road-, -a layer of 
Otones 3^* gange«hfttl be spAsad ^enly to a depth of 3^'. This 
layer''after being rolled shall be gronted with a hat mixtnre of pitoh 
and creosote oil and again *rollod vthile hot until the mass is 
thoroughly consolidated. A «epond layer of w^nes of 1^* gangs, 
3* deep, shall theif be laid, prdferably' while the lower layer is still 
hot. After being rolled dry it shall be grouted in a similar manner 
with the pitch mistnre. The surface shall be covered wittf’ a 
sprinkling of dry«. ohinplnga and the whole shall be a'gain rolled 
nu^l consolidated. The road shall 1|0 laid to an approximately 
dircular camber with a cross fall from crown to channel of 1 in H4. 

The pitch mixtnre usnd for grontiitg shall consist of coa1>tar pitoh 
and creosote oil properly <lilend^ and boiled together in a pitch 
butler. Immediately before being pnt on^he road an equal quantity 
of fine sand faealoij to 4()U°F. shhll be a<iiied to the pitch mixtnre 
which shall then be kept contiunirily elirrud till spread. 

Tv —The aggrf^atp conaists of stone 75 per oent. 

of 24 * gangs «i\d 2S per cent, of smalter material, the top snrfaoe 
being finished uitb stoiie varying from 1 ti> | of an inch. The 
stone is dried and inixod with boiling tar in a rotary tat sfiacadant 
mixing ip&chiiie, kept tiot daring the whole period of mixing. 
Tbe material'is laid , cold on/he surfaoe, which has been excavated 
for the purpose, and rulltid inCt> plaoe. 

4 

MAlntftnfttiftft and Rannleft. 

To maintain a broken stons-road in good condition^ it is neoos* 
aary that It be frequently cleane«l of mud and dust, and that tbe 
surface drains lie kept <open to oiisure the prompt disobarge of 
all water that may come upon tbe surface of tbe road. 

The nature of the repairs wlU depend npnn the charaefer of the 
materials need for metalling as well as upon the weight of the 
traffic passing Over it. If the road metal is of soft material which 
wears easily, if,will reqnlre constant supervision, and small repairs 
whenever a rut or depression appears. Material of this kind binds 
readily with new material and may in this manner be kept in good 
condition without difficulty, but if not attended to as soon as wear 
bepna to show, it ^11 very.rapidly inoreose, Vo the great detriment 
of the road. Th6 materisl oaed for* repairs should be the same 
as that of the rood eorCace, aud not fine material which would 
soon reduce to powder under the loads whioh come npon it. 
Careful attention to minnte repairs will keep the vnrtsoe in good 
condition until it 'wears so thin as to require renewal. “Tbe 
{.roper way to repair a road is to first carefnlly scrape off the mud, 
then to cut out the hole'or depreesion in a reotangSlar shape. 
The depth of the excavation should be amply sufficient and the 
bottom well hacked to,.form a key for tba new metal. The excava* 
tioii Bhould> then be filled with new material broken to a gauge of 
ftbout^one inch and, if a small patch, well rammed into place with 
the addition of some suitable binding and a little water,. If the 
patch is ti saffioient sixe, a light roller should'be used instead of a 

rammer.* After completion of the. patch, it should be 

dnsted ower with clean, sharp sand or other suitable material," 
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and Culvarta. 

Drains. —The enrtace drainage oft a road ^ jjrovided for by 
ditch or drain on each Bii|^ of tha road wnen the lattevpasaea 
through level country, or is in enlthig. The drains ehould lead 
the water to the ^jiataral water c^ree of the country. On hill 
roads catchment ifrains ab?ut a' Vi^e pnd 2' tteep sliould be cut 
in the hillaids about 10' or 20' from the top edge oE the alopet 
These will prevept water raahing on to the road from the hiJl- 
aide. The drainage of road itself Is provided for by tho side 
gutters or drains along (he ir^ide of (he ruadt which should discharge 
at intervals into culverts wliroh pass ^he water gnder (hf roadtray. 
These coivorts or cross drains will be required at intervals of 
a^ont 200' "along the whole The miniiiiiitn sisi> is shown 

in Fig. 54 e. The fluoi^ of this can’ort slioiibl bIo}>(‘ nut leas 
than 1 in G, and a catch pit 3' miuiyv with flooi* one fool below the 
floor of the onlvert should be provided to catch the silt washed down 
the side gutter. , • “ 

CulVflftfl and liridgos aro umihI to carry the road aert^ tha. 
natural drainage of the eonutr]^ The^Iovid of (he road surface 
is usn^lly very little aiiove the crown of the arch, and there is 
tBerefore little space for lieailing up tho water uhuve the top of the 
archway. It is nsiial therefore to t«(iiuato the wjiterwuy up to 
springing level only, an<l it may he^uwuii^d that the velocity of the 
water under the colve^ is l0*perBe^md. The fouiulalion should 
be designetl for this velocity. The oimwn of the arch shonld be 
'above* the untural flood level. For oatebmonte up to ]00 acres 
one siiuare foot of watorwuy lor every 2^ aoros of catchment has 
Jieen found sutfiolent. Catchmeuls^hutween 100 and 700 acres 
would require one square foot of waterway for every 4 dorea of 
catchment. Thu ''catchment*' is that area of the ground over 
wl\lcb rain falls and then driuns olT into one lino of outfall or 
water-course. • , 

Plates S5, 56 and 57 show a fow types of culverts which may 
be used to fioss the drainagu under tho rood. Tlfe diifdrenl parts 
of the culverts a^e named on the sketches. Tho ‘4waterway" or 
"vent" in any culvert should* be at least 2" sijuare so that it 
may be easily entered and cleaned out when necessary. Its actnul 
siise will depend np^ the quantity of wutor to be passed. 

The vents may ^e covered ov«r»with tiu| stone, or arched 
according to circiimstaDces. , 

When there is any riwA of water and the soil is had, the culverts 
should be provided with a "floor" protected at the cud by a 
"retaining wall." If Acre is a groat weigW, of embankment ou 
the culvert "invert^ arches” may bo used to^form the bottom of 
each Teutl» 

Approximate dimensious are as follows 

Total length of cnlvort under an embankment is equal to the 
breadth of the road plus Iwibe the length to which the eloge runs 
ont on either side of the vent. ^ 

The*Bide walM or "abutineuts’* of the culvert mpy have a 
thickness of a quarter of the "span", psovifled the thickness is 
not leiy than 1^'. 
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Th® "piers*’ or intefmed^le walls may have a thickness of anea* 
BIX the span' provided this th\pkneu is not lem than 11'. The 
“floor” may,be from 1 t* Ij' thffik and the* “ retainii^ ” o? 
"dTop walls” i to 5* deep lielow th%floorlevel, dupeudinir on the 
nature of the soil. The “ wing walls” built at the end of the abut¬ 
ments may have as outwarc^ andkd&wnward slgpe corresponding 
to that of the embankment or may be*at ’right angles to the abut-* 
me^ts. In laying oak a road with many cnlverta, select the culvert 
site first, a^d lay dht ita centre line before fixing the direction of the 
“approaches”. The appAaches should bS jrf Aiitinnatiou of the* 
line of the culvert or bridgh for at least 60' on either bunkt tg 
prevent agcidents from vehicltis upslbting. Wh*rn flat stones ure 
proourable geod road oulverts np to 4'^pan can be built “dry”, 

without mortar of any sort, corbelling”. (/?« Plate srio.) 
This method is often used on hill roads in Tnjgn » 

Pipfl 0ulVM*tfl may be constricted either 6f glased viewer pipe 
or of iron water pipe. The former is more oconomicHl fur culverts 
up to 80* diameter, provided its is placed on a good foundation* 
and BuffioieBtly covered not to be subjia^oil to shoiSk from trafUc. 
The Iro^ pipe oulvert is stronger, and would be preferable where a 
firsa fonndatiun is not easily obtainable, or where a snflicieiit cover¬ 
ing cannot bo had for the vitrified pipe, as it is not ho jtasily broken 
by a slight settlement or by shook. “Iron yipes are however expen- 
sivo and not eoouomiuaj for ordinarv use. (S»e Plate 55fr.) lii 
laying pipe oulverts they should be )dseed on a solid bofl and the 
uarth *geU tamped about them. The pipe should be Urmly and 
aniformly supported from below, in ortler that the etilverl may not 
'bo broken by settlement. The joint# in the pipes should bo made 
watertight, especially where the culvert is likidy to flow full or 
under pressure. Any water escaping through the joints tends to 
oause a wash beneath the pipe and to uiiderioine the culvert. The 
top*o£ the culvert pipe shoulii be at least 2' below the riNul 
surface to avoid crushing. Tlie ends of tbu pipe culvurts ahould he 
'setf in masonsy wuUs to give protection against washing of the face 
of the embankment and to hold the oihIs firmly in plaijp, <>h well as Lo 
prevent the entrance of water inta the earth on the outside of the 
pipes. 

OOnOTltfl CulVfirth J»ay be usimI whore a larger waterway is 
required than is provided by pipesl They are inepiost oases econo¬ 
mical and durable if properly ooostrpctSd with good materials. 
They may be built with arohial or flat tops. For small spans the 
rectangular box form is usually Uio most economical. Plato 
diows the seetTon of a souerote culvert in whmh the sides, bottom 
and top are reinforced with steel rods. These rods take the tension 
due to bending under tbo loads which eoinu epou it. Concrete 
resists the MmproBSive stresses, but offers practically uo resistance 
to tension. The iutroduolion of the steel #odB therefore make it 
powible to construct the walls and top of the culvert mucdi lighter 
than they could otherwise bat Struct ares of this kind need careful 
designing and oonsiruotioii, to secure goal results. The steel snoulik 
consist 0 # small rods bedded in tho oonoreto and placed ^th their 
centres about 2* from tho inner surface of (he coucAto. The 
area of steel required in the top of such a oJIverl is usually abeut 
one percent, of the area ef the concrete above it. Like pipe dulverts 
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flr« <$onorete needs profeeotioc tjrom (-lieolrii end ^8* of. OoTth 
ooTc^Dg shoold be given for t^Ie pnrpoi^. 'nie ends of the eslv«ri 
must Itn proteoted^) 7 ^ens'Wlileh ^oald ^jztend ut least 2' below tiio 
bottom of the culvert. The ^lolraese of the top «nd tides depends 
upon the load and the character of the Obnerete. They should carry 
safely a heavy roa^i roller.' The concrete shonh^^ made of the best> 
grade of Portland cement mi'zed wltir good quality sand apd gravel 
and broken stone, the proportions being 

1 cement, 2 sand^ 4 hroken stone for the top. 

1 ‘ „ 21 „ 5 M M f<(v the tidee and bottom. 

' • i 

Great oere is necessary in the selection of good matq^«ls. The 
broken stone should be good^srd meterial, not too nniform in els?, 
varying from about, |*, to 11*. Sand sbonld be coarse, tbe grains 
clean and hard, bat not *&tiiform In tise. The cement shonld comply 
with the speoiBcatloih for Portland cement as laid down by the 
British Standard Committee. 


B. G. Freai—S8^7.1988--t6MJ— SOO-B. ETB.' 
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